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I. INTRODUCTION 
During I963 the United States Public Health Service 
reported 18,649 human and 5»389 non-human isolations of 
Salmonellae. The number of human cases of salmonelloses 
was an increase of 8,361 cases over the I962 total. In 
the first 10 months of I964, there were 17,818 human and 
4,709 non-human isolations of Salmonellae. It is apparent 
that the total human cases for I964 will represent another 
increase in infections of this type. Part of this increase 
may be explained by an increased awareness and interest 
in the Salmonellae and by a better reporting system. 
There were 63 deaths associated with these infections in 
1963 (a death to case ratio of 0.34 percent). This figure 
is lower than that reported for the period 19.51 to 1961 
when the annual mortality rates ranged from 2.9 to 0.9 
per cent. 
Isolations of Salmonellae from animals and food during 
1963 were from poultry or wild fowl (58.1 per cent), 
domestic or other wild animals (28.7 per cent), animal 
feeds (5.2 per cent), eggs and egg products (2.8 per cent), 
human foods other than eggs and egg products (1.7 per cent) 
and from other and unknown, sources (3.5 per cent). Of the 
241 reported isolations from human food, 63 percent were 
from eggs, 5.3 per cent from poultry meat, 8.6 per cent 
from red meat and 23.1 per cent were from other food 
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products or foods of unspecified origin. 
The conventional tests used for detection of 
Salmonellae in foods require three to five days to com­
plete. In attempts to shorten this time and increase 
sensitivity of this analysis, various media combinations 
have been employed by several investigators. One group 
of workers used fluorescent antibody methods to detect 
Salmonella typhosa in feces. However, this effort to 
develop a rapid test was unsuccessful because of non­
specific staining. 
The availability of a convenient and accurate test 
would enable surveillance of larger numbers of food sam­
ples in a given period of time than can be done at 
present. Use of such a test would help considerably in 
eliminating the marketing of foods contaminated with 
Salmonellae. 
The combination of selective inhibition and non­
selective enrichment techniques with fluorescent anti­
body methods was developed to detect the presence of 
Salmonellae in egg and poultry products and in process­
ing equipment. This method enables detection of 
Salmonellae in egg and poultry products and in process­
ing equipment within 24 hours. This was a saving of 2 
to 4 days over the conventional tests used in the United 
States and Canada. 
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II. LITERATURE REVIEW 
In processing egg and. poultry products it is neces­
sary that the finished products have the desired keeping 
qualities and that they should be free from pathogenic 
microorganisms. The sanitary condition of the process­
ing equipment will affect the levels of bacterial con­
tamination of the finished product. 
The types of organisms associated with these products, 
sources of contamination and means of reducing this con­
tamination, as well as the application of fluorescent 
antibody in detecting antigens are among the factors 
discussed. 
A. Incidence and Types of Microorganisms 
Associated with Eggs and Egg Products 
1. Incidence 
Forsythe ejt al. (1953) reported bacterial counts of 
10,000 to 1,000,000 on shells of fresh eggs from an 
experimental poultry farm. The average count was 63,000. 
Trussell (1955) surveyed the spoilage of fresh shell eggs 
and reported 4.9 per cent (236 eggs) of 4,821 eggs were 
contaminated with bacteria. Microorganisms involved were 
all Gram negative and 18.5 per cent of the spoiled eggs 
were infected with only non-fluorescent forms. These 
infections were caused by soiling, nesting materials 
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and wet washing of eggs with a "rubber roller" or "brush" 
type mechanical washer. Bacterial counts of egg contents 
varied from 0 to extremely high numbers. 
Trussell ^  al, (1955) examined l6,652 eggs for 
spoilage organisms and found 3.2 per cent of the eggs 
infected. Rosser et al. (1942) reported average bacterial 
counts of 70J000 per shell on Canadian market eggs. In 
England, Haines (1938) found levels of bacterial contamina­
tion ranging from 13,000 to 8,000,000 (20° C incubation) 
and 35»000 to 1,600,000 (37° C incubation) on the shells 
of 130 eggs. Board e_t al. (1964) reported that levels of 
contamination on egg shells ranged from 100 to 100,000,000 
microorganisms per shell. Eggs with clean shells had lower 
counts than those with stained and soiled shells. These 
eggs were obtained from an egg collecting and grading 
plant in Central Iowa. 
2. Types 
Maurer (1911); Rettger (1913); Bushnell and Maurer 
(1914) and Haines (1938) isolated the following organisms 
from eggs; Bacillus mesentericus, B. subtilis. Micro­
coccus pyogenes var. albus, Proteus vulgaris, Pseudomonas 
aeruginosa, Pseudomonas fluorescens. Streptococcus lactis, 
Escherichia coli, Achromobacter spp., Serratia spp., 
Streptothrix spp., Pénicillium, Sporotrichum, Mucor and 
Botrytis. These investigators found from 0 to 3.4 per cent 
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of the egg white, 7 to 24 per cent of the whole eggs and 
4,5 to 23.6 per cent of the yolks examined were infected 
with microorganisms. 
Florian and Trussell (1957) isolated and identified 
the following microorganisms associated with spoiled eggs; 
Alcaligenes, Pseudomonas, Proteus, Flavobacterium, 
Escherichia, Paracolobactrum, Achromobacter, Aerobacter 
and coliform intermediates. However, Pseudomonas fluores-
cens and Alcaligenes bookeri were the principal spoilage 
species. Haines (1938), Miles and Halman (1937) and 
Winter (19^2) reported Pseudomonas, Proteus, Escherichia, 
Alcaligenes and Aerobacter species were isolated in 
black-rot eggs and Pseudomonas spp. in red and green rots, 
Proteus was isolated from a custard-like rot (Haines, 1938). 
In later work by Alford £t ., (1950), Serratia spp. were 
isolated from red rots, Pseudomonas spp. from pink rots 
and Achromobacter spp. from a colorless rot. 
Salmonellae have been isolated from eggs by many 
workers (Rettger and Stoneburn, I909; Gage et a2., 1914; 
Hadley et al., 1917; Doyle, 1925; Kaupp and Dearstyne, 
1927; Tittsler et ,, I928; Weaver and Weldin, 1931; 
Rochaix e_t a2,, 1933; Chase, 1947; Buxton and Gordon, 
1947; Edwards et al., 1948; Carter e;b a2, , 1950; Osborne 
and Stokes, 1955; Broomhead and Mann, 1959; Great Britain 
Ministry of Public Health I96O, I961, 19&3; Board £t al., 
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1964). 
Whole egg solids were examined by Watson and McPar-
lane (1948) and Aspergillus, Penicillum, Mucor, Alternaria 
and Oidium (Geotrichum) were isolated. Brown and Gibbons 
(1950) and Solowey and Watson (1951) demonstrated the 
presence of streptococci in whole egg powder. Paracolons, 
containing several different antigenic groups, were iso­
lated from dried whole egg by Solowey (194?). Hartsell 
(1944) and McFarlane and Calesnick (1948) reported the 
presence of Bacillus spp. in egg solids. Coliforms were 
isolated from 51 per cent of the samples of whole egg 
solids examined by Sutton and McFarlane (194?) and 
McFarlane and Calesnick (1948). 
Salmonellae were isolated from 35 per cent of 5,000 
samples of spray dried whole egg tested by Solowey et al. 
(1947). In England, Taylor (I963) examined egg products 
from nine countries and found samples from each country 
contaminated with Salmonellae. Thatcher and Montford 
(1962) reported Salmonellae in powdered egg white and in 
cake mixes containing egg solids. It also should be noted 
that Salmonellae were isolated from 5 per cent of the 
cake mixes not containing egg solids and from 4? to 55 
per cent of the mixes containing egg solids. Salmonellae 
were detected in over 3 per cent of 9OI egg powder samples 
(Schneider, 1946), 28 per cent of 400 samples of dried 
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whole egg (Gibbons, 19^7) and 5 per cent of 507 samples 
of spray dried whole egg solids (McFarlane and Calesnick, 
1948). According to Wilson (1948) Salmonellae remain 
viable for long periods at the temperatures necessary to 
maintain dried egg quality. The survival period decreased 
as did egg quality,• with increases in time and tempera­
ture of storage, Ayres and Slosberg (19^9) reported the 
presence of sizeable numbers of Salmonellae in dried egg 
white. Salmonellae have been isolated from egg solids by 
many workers (Hinshaw and McNeil, 1951; Lundbeck et al., 
1955; Dack, 1955; Beckett ^  a2,, 196O; Great Britain 
Ministry of Public Health, i960, 196I, I962, I963). 
3. Antimicrobial factors of the egg 
The egg shell forms a barrier that prevents entrance 
of bacteria into the contents. However, the shell con­
tains between 7,000 and 17,000 pores per shell which have 
a diameter of 25 to 35 ^ (Tyler, 1953» 1956) and serve as 
possible entrances for bacteria into the egg. This was 
demonstrated by Haines and Moran (19^0) and Garibaldi and 
Stokes (1958) who found that yeasts and bacteria could be 
drawn through the shells when membranes were removed. 
Rubbing the surface of the egg or washing increased the 
incidence of spoiled eggs (Haines, 1938; Wilson, 1945; 
Fromm and Monroe, i960). This treatment possibly removed 
some protective coating such as the cuticle. According 
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to Kraft ejt a^. ('195813) porosity appeared to be the most 
reliable measure of resistance to invasion of the egg by 
microorganisms. 
Membranes are a barrier and the work of Garibaldi 
and Stokes (1958) demonstrated that the membranes behaved 
as bacterial filters. This property was lost during ex­
posure of the membranes to bacterial growth. Walden 
et al. (1956) found that the membranes restrained the 
bacteria for 15 to 20 hours but then bacterial penetra­
tion occurred. This weakness might have been caused by 
handling the membranes during preparation and steriliza­
tion. The membrane acts as a physical barrier to entrance 
of bacteria through the shell (Kraft et a2., 1958a), and 
shells with membranes removed had a greater incidence of 
bacterial penetration than those with membranes intact. 
Bacterial penetration was measured by average per cent of 
fluorescent eggs, average titratable acidity and average 
number of bacteria per ml. According to Board (1964) only 
limited bacterial multiplication occurred in the inner 
membrane of the air cell of inoculated eggs during the 
first 3 or 4 days and only very few organisms entered the 
albumen. These populations remained static until renewed 
multiplication occurred 12 to 30 days after inoculation 
at which time there was a general infection of the egg 
contents and significant changes in pH and glucose concen­
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tration of the albumen. 
Protective agents in egg albimen restrict both the 
growth and the types of microorganisms capable of growing 
in eggs. Wurtz (I89O) noted that fresh egg white is gener­
ally resistant to bacterial growth and Turro (1902) obser­
ved that the white of fresh eggs had less germicidal acti­
vity than that of older eggs. Sharp and Whitaker (192?) 
correlated the increased bactericidal activity with the 
rapid increase in pH of the egg white. At pH values of 
9.5 or 10.5 only a few organisms were found whereas at 
pH values approaching 7.0 the majority of the bacteria 
multiplied. These workers used species of Bacillus, 
Pseudomonas and coliforms. Garibaldi (1960) found only 
one strain of Alcaligenes bookerl that could grow in egg 
white of pH 9*1. He used organisms isolated by Plorian and 
Trussell (1957). At pH 7.9 or 9.1 all the organisms grew 
when iron was added. This indicated that the inhibition 
was not due to pH alone, but due to unavailability of iron. 
This is discussed in more detail later in this section. 
Proteins containing sialic acid commonly possess in­
hibitory activity against viral hemagglutination of 
erythrocytes (Lanni, et , 1949; Sugihara et al., 1955). 
Sialic acid has been isolated and crystallized from chicken 
egg white by Peeney et al. (1960b) and all of this acid 
appeared to be bound to proteins. The ovomucin and ovo-
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mucoid fractions contained approximately three-fourths of 
the total sialic acid in the egg white. Feeney £t al. 
(1960a) examined egg white proteins from several avian 
sources and found that the sialic acid appeared to be 
bound in all the whites. The proportions of sialic acid 
contributed by the ovomucin in the thick and thin membranes 
and "yolk membranes" appeared to correlate with virus 
antihemagglutin activities (Sugihara ejt a2., 1955) • 
Sialic acid was a constitutent of several egg white 
proteins, especially ovomucin (Feeney and Rhodes, 1959). 
According to Rhodes and Feeney (1957)j the chicken egg 
had 50 per cent more virus antihemagglutin activity than did 
duck eggs. 
Eakin et al. (19^0) and Gyorgy and Rose (19^3) iso­
lated a compound capable of binding biotin and verified 
earlier work of Bond (1922) and Boas (1924) defining the 
type of complex found. This compound was called avidin 
(Eakin et a2., 19^1) and was capable of combining with 
biotin and forming a complex rendering biotin unavail­
able to Saccharomyces cerevisiae. 
Lysozyme (Fleming, 1922), another compound found in 
egg white, has the property of lysing various micro­
organisms. Laschtschenko (1909) first reported this effect 
of egg white on Bacillus subtilis and related organisms. 
Egg white was the best natural source of lysozyme. 
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according to Fleming and Allison (1922). Klemparskaya 
(1939) reported the possibility that lysozyme might act 
as both a lytic and a flocculating agent. He concluded 
that flocculation depends on both pH and lysozyme concen­
tration. 
Ovomucoid, investigated by Vernon (1904), was found 
to be antitryptic. This same study revealed that anti-
tryptic activity was greater in egg white than in other 
natural protein. Further investigations substantiated 
Vernon's work (Longsworth et al. 194O; Lineweaver and 
Murray, 19^7). Antitryptic activity is not restricted to 
fresh egg white; Harte (19^5) showed equivalent amounts 
in dried egg albumen. Lineweaver and Murray (19^7) identi­
fied the trypsin inhibitor of egg white as ovomucoid. 
Bier, et a2. (1952, 1953) detected five components in 
ovomucoid by electrophoresis. They separated three of 
the five components and found all of these exerted the 
same inhibition of trypsin as did the original unfraction-
ated ovomucoid. The biological activity of ovomucoids 
from egg white was investigated by Rhodes £t a2. (I96O) 
who summarized the activities as follows: 1. i.nhibit 
mainly trypsin, 2. inhibit mainly chymotrypsin, 3. inhibit 
trypsin and chymotrypsin equally, and 4. inhibit two times 
as much trypsin as chymotrypsin. 
A flavoprotein containing riboflavin was described by 
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Rhodes et a2. (1959) who suggested that this might be a 
possible defense against microorganisms. All the ribo­
flavin was apparently bound in this manner and the flavo-
proteins had weak antibacterial activity. These same 
workers had earlier (1958) reported the presence of flavo-
protein in the egg. 
A new trypsin inhibitor (ovoinhibitor) was isolated 
by Matsushima (1958) who found it to be more powerful 
than ovomucoid. Inhibition of trypsin, chymotrypsln and 
bacterial ovomucoid was noted with ovoinhibitor. This 
compound was described earlier by Balls and Swanson (193^) 
who isolated and studied the antitrypsin inhibitor of 
egg white. According to Feeney et al. (19^3) the fre­
quently reported chymotrypsln inhibition of ovomucoid 
was due to ovoinhibitor contamination. The chicken ovo­
mucoid inhibited trypsin while the chicken ovoinhibitor 
inhibited trypsin, chymotrypsln and bacterial protease. 
Investigations by Schade and Caroline (1944) reported 
the inhibition of Shigella dysenteriae, Saccharomyces 
cerevisiae, and other microorganisms by an iron binding 
protein in egg white. It was further discovered that the 
introduction of iron in the substrate would overcome this 
Inhibition. Alderton et ai. (1946), in cooperation with 
Schade and Caroline, Isolated the inhibitory substance, 
conalbumin. They concluded iron binding protein and 
conalbumln were identical. This conclusion was substan­
tiated by Schaible and Bandemer (1946a, b). Investigations 
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by Fraenkel-Conrat and Peeney (1950) Indicated that con-
albumin did not prevent the growth of Micrococcus pyogenes 
var. albus but prolonged the lag phase and reduced the 
rate of subsequent growth of this organism. It was postu­
lated by Fraenkel-Conrat and Feeney (1950) and later by 
Peeney and Nagy (1952) that the organisms assimilated free 
iron in equilibrium with the conalbumin-iron complex. 
The complex dissociated to form free iron and conalbumin. 
Large differences in the sensitivity of different organisms 
to conalbumin were reported by Peeney and Nagy (1952). 
Garibaldi (I96O) showed that conalbumin is the most im­
portant antibacterial factor controlling the growth of 
Gram negative egg spoilage bacteria in egg white. In 
another study, Garibaldi and Bayne (I962) noted that most 
bacteria able to spoil eggs in the absence of added iron 
were also able to grow in egg white whose pH has been 
adjusted to 7*9 or whose conalbumin has been partially 
saturated by iron. 
Effects of processing on microbial population 
Several microorganisms were reported to produce sub­
stances antagonistic to Salmonellae. Streptomyces produced 
thioaurin (Bolhofer et , 1953), spiramycin (Ravina et , 
1956), raisnomycin (Barr and Carmen, 1956) and kanamycin 
(Gourevitch et al., 1958). A mold, Gephalosporium 
salmosynnematum, produced synnematin B (Olsen and Jennings, 
l4 
1954). Bacillus polymyxa produced polymyxin (Stansley 
_et , 19^7)» and Escherichia coli produced colicines 
(Fredericq, 1957; Cook et al., 1953; Flippin and Mickelson, 
I96O; Mickelson and Flippin, I96O). 
In studies on the use of yeast to remove sugar from 
egg albumen, Ayres and Stewart (19^7) added yeast extract 
as a growth factor, which appeared to overcome the inhibi­
tory factors of egg albumen. This growth factor was not 
necessary when large'masses of yeast cells were used. 
The fermentation was accelerated when the pH was below 8.5. 
The bacterial changes occurring during natural fer­
mentation of egg white were investigated by Stuart and 
Goresline (1942a) who concluded that the predominant 
bacteria were members of the genera Aerobacter, Escherichia, 
Serratia, Proteus and Pseudomonas. They observed that when 
large numbers of Proteus and Pseudomonas were present, the 
dried albumen was of inferior quality. Later, these same 
workers (1942b) determined the effect of these isolates in 
desugaring albumen and concluded that Aerobacter aerogenes 
and Escherichia freundii were good organisms for this fer­
mentation. It was reported by Hawthorne and Brooks (1944) 
that a reduction in glucose content of egg white was pos­
sible when a 1 per cent inoculum of Saccharomyces apiculatum 
was added and the material incubated for 3 hours at 37°C. 
According to Ayres and Stewart (19^7) the rate of glucose 
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removal wa,s influenced by pH of the liquid egg white, the 
amount of inocula, the surface/volume ratio, added growth 
factors, and serial fermentations. Resting cells of 
Streptococcus lactis were shown by Kaplan ejt (1950) 
to be effective in removing glucose from liquid egg 
white. This type of fermentation was rapid and it eli­
minated the possibility of microbiological contamination 
which was associated with the preparation of mother cul­
tures used in other bacterial fermentations. 
Stuart and Goresline (1942a) observed that numbers 
of bacteria increased to more than a billion per ml during 
fermentation, and that these high counts were obtained 
regardless of the numbers initially present. Bollenback 
(1949) used A. aerogenes to desugar egg white at 40° C 
for 4 to 6 hours and found that more than a billion 
organisms were present per ml of egg white during the 
fermentation. 
Glucose oxidase catalyzes the reaction between glucose 
and oxygen to form gluconic acid and hydrogen peroxide. 
Procedures for enzymatic removal of glucose from egg 
albumen have been outlined by Baldwin £t a2. (1953)» Carlin 
and Ayres (1953)» Pfizer & Co. (1953), Scott (1953) and 
Snyder (1953). A review of the discovery, purification 
and action of the enzyme glucose oxidase was presented 
by Baldwin et al. (1953). Removal of glucose by enzyme 
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action in imfavorable to microbial development because of 
conditions necessary for proper reactions and because of 
inhibition of microorganisms by hydrogen peroxide in the 
process. 
Mickelson and Flippin (I96O) fermented glucose in egg 
albumen with a collcine producing strain of Escherichia 
in an attempt to reduce numbers of Salmonellae in the fer­
mented product. They indicated that complete elimination 
of Salmonellae was not possible. 
Liquid egg pasteurization has been used to eliminate 
pathogenic bacteria and to reduce the total bacterial 
count from the high millions to a few hundred per ml. 
Pasteurization killed bacteria faster in albumen than in 
yolk, although albumen was pasteurized at a lower tem­
perature to prevent coagulation (Wilkin and Winter, 19^7)» 
Flash pasteurization of liquid albumen at 59»^° C also 
destroyed Salmonellae (Ayres and Slosberg, 1949). 
Investigations by Ayres and Slosberg (19^9) showed that 
0.1 per cent HgOgadded to liquid egg white, followed by re­
moval of residual HgOg with excess catalase destroyed all 
organisms of the genus Salmonella. A review of the effect 
of HgOg was given by Luck (1956) who stated that in 
general, the Gram negative group of bacteria are more 
susceptible to destruction by HgOg than the Gram positive 
species. Scott (1953» 1956) reported on the use of EpOg 
17 
in conjunction with the glucose oxidase-catalase system 
for conversion of glucose to gluconic acid in preparation 
of egg solids. 
Van Oijen (1940) heated liquid whole egg to 65° C 
for 20 minutes to destroy paratyphoid and enteriditis 
organisms common in duck eggs. According to Gibbons et 
al. (1946), vat pasteurization for 30 minutes at 60° C 
eliminated coliforms from liquid whole egg. In an experi­
ment undertaken by Winter £t a2. (1946), pathogenic bac­
teria, especially those belonging to the genus Salmonella, 
were destroyed by pasteurization. Plash pasteurization 
of liquid whole egg at 63° C did not destroy all 
Salmonellae, but 6o° C for 3 minutes was sufficient to 
kill these organisms (Goresline e_t , 1951a). Pasteuri­
zing liquid whole egg at 64.4° C for 2.5 minutes was 
recommended by Heller et aJ_. (1962) and Shrimpton et al. 
(1962). These workers demonstrated that all viable 
Salmonellae were destroyed by this treatment. 
Reductions in bacterial counts occur during spray 
drying provided that suitable temperatures are used. 
Gibbons and Moore (1944b) observed a reduction in total 
bacteria of 81.5 per cent and in S. bareilly of 99*99 
per cent when the air outlet temperature was 66° C. 
Reductions in bacterial counts of 63.7 and 88.1 per 
cent in the process of drying whole egg were reported 
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by Bartram (19^3)• According to McFarlane et a2. (1945), 
a 35 per cent average reduction of viable bacteria occur­
red during drying of liquid whole egg. The following 
decreases in bacterial counts were reported by Brown and 
Gibbons (1950): total, 97*17; conforms, 99*93; Strep­
tococcus faecalls, 59.09; Salmonella bareilly, 99.98 and 
E. coll 100 per cent. Numbers of Pseudomonas fluorescens 
were reduced 99.9 per cent after inoculated liquid whole 
egg was freeze dried (Hirschmann and Lightbody, 19^7). 
Simon et a2. (I963) reported a 70 per cent reduction in 
populations of S. typhimurium during freeze drying. 
Storage causes further reductions in bacterial num­
bers. According to Rahn (1945), death of dried bacterial 
cells was due to oxidation rather than to heat since dry 
proteins do not coagulate and dry enzymes retain their 
activity. As the temperature is elevated, the bacteria 
in the dried state die more rapidly due to an increase in 
the rate of oxidation. Dried whole egg powder was stored 
at 1° C for 18 months by Stiles and Bates (1912). One-
third to one-half of the number of microorganisms originally 
present in this egg powder survived the storage period. 
However, Goresline £t al. (19^3) stated that, at tempera- ^ 
tures below 7° C, there was little change in viable 
bacteria during storage of dried whole egg. Storage 
above 7° C (up to 43° C) accomplished some reduction in 
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counts. It was found by Johns (1944) that storage at 4° 
C had little effect on total bacteria but at 21° C and 
30° to 32° C counts were reduced in 1 and 2 days respec­
tively. A decrease of ^6 per cent in total bacteria was 
observed by McFarlane et al. (19^5) when dried whole egg 
was stored at l6° C for 6 days. Hartsell (1944) found 
that Escherichia, Aerobacter, Proteus and Pseudomonas 
did not survive long storage periods in spray dried whole 
egg powder. Numbers of Pseudomonas fluorescens were re­
duced 99 per cent in inoculated whole egg powder after 
storage at 35° C for l4 days (Hirschmann and Lightbody, 
1947). According to Ayres and Slosberg (1949), storage 
of dried albumen at 49° C for 20 days, at 5^° C for 8 
days, or at 57° for 4 days resulted in destruction of 
Salmonellae. Later, Banwart and Ayres (1956) demonstrated 
that albumen could be stored at 50°, 60° or 70° C for 
effectively eliminating Salmonellae without seriously 
affecting quality. 
5. Importance of dried eggs in transmission of Salmon­
ellosis 
Edwards et (1948) concluded that eggs and food 
products containing eggs are important sources transmit­
ting Salmonellae to humans. This work was verified by 
many investigators (Abrahamson e_t a2. 1954; Hobbs, 1963; 
Thatcher and Montford, I962), The following conclusions 
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were presented by Thatcher and Montford (I962); (1) 
Unpasteurized egg products are frequently severely con­
taminated by Salmonellae. (2) the presence of Salmonellae 
in cake mixes is caused by addition of egg products, and 
(3) the animal to human chain of infection must be broken 
to eliminate the problem. Examination of II9 cake mixes 
containing egg revealed Salmonellae in 65; however, 
thorough cooking killed the organisms. 
Outbreaks of salmonellosis have been caused by egg 
products from many countries including the United States, 
Denmark and the United Kingdom (Hobbs, 1963). Cross 
contamination of Salmonellae from the egg products to 
other foodstuffs not requiring heat treatment, utensils, 
hands and surfaces contributed to these outbreaks. 
Frozen and dried eggs contaminated with Salmonellae 
were the causative agents implicated in outbreaks of 
human salmonellosis in various countries (Hinshaw and 
McNeil, I95I; Lundbeck et al., 1955; Dack, 1955; Beckett 
et al., I96O; Thatcher, 1962). Recent reports have 
indicated that outbreaks of salmonellosis were traced 
directly to eggs and egg products (Fiumara and MacCready, 
1962; Ager, 1963; McKlnley and McCroan, 19^3; Slitor 
and Condit, I963; Great Britain Ministry of Public 
Health, I963). 
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B. Incidence and Types of 
Microorganisms Associated with Poultry 
The microorganisms on processed poultry products 
and processing equipment arise from many sources such 
as fecal material, skin, feathers and debris from the 
crop. Water supplies, ice and equipment are other 
microbial sources (Gunderson et a2., 1946; Goresline et 
al.) 1951b; Gunderson et , 19^4; Walker and Ayres, 
1956; Barnes, I96O; Parrell and Barnes, 1964). Proper 
handling during processing, thorough washing, fast 
chilling and storage at low temperatures were necessary 
to produce birds of suitable microbiological quality 
(Gunderson £t ai., 1954). 
1. Incidence 
Gunderson e_t al. (1954) reported that the average 
bacterial count on poultry carcasses upon arrival at the 
evisceration line was 26,000 per cm on the skin and, 
after evisceration, the count was reduced to 3,500 per 
2 
cm . Goresline ^  al. (1.951b) also stated that bacterial 
2 
contamination was reduced by evisceration (28,000 per cm 
2 before and 17,000 per cm after evisceration). However, 
Walker and Ayres (1956) reported counts of 1,500 bacteria 
2 2 per cm on the skin of the live bird and 35.000 per cm 
on the processed poultry. Results obtained by Drewniak 
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et al. (195^) also demonstrated a bacterial increase on 
the skin during processing (9>500 bacteria per cm before 
and 18,000 per cm after evisceration). Increases in 
bacterial numbers were also noted during cutting and pack­
aging operations (May, I962). Studies by Goresline et al. 
(1951b) and Walker and Ayres (1956, 1959) showed that the 
bacterial content of the visceral cavity of processed 
poultry was lower than that of the skin. 
Galton et a2. (1955) examined samples from three 
chicken processing plants and found that 5.3, I6.6 and 
19.9 per cent of the samples contained Salmonellae. 
According to Morris and Ayres (I960) only 12 of 2,500 
samples from a federally inspected turkey plant showed 
the presence of Salmonellae. Dixon and Pooley (I962) 
visited two turkey processing plants; they isolated 
Salmonellae from 7.8 per cent of the samples in one plant 
and from 19.3 per cent in the other. 
2. Types 
Pseudomonas and Achromobacter formed the largest 
percentage of the spoilage flora of chilled poultry (Ayres 
et al., 1950; Barnes and Shrimpton, 1958; Nagel et al., 
i960). These organisms were isolated from the chill water 
and ice as well as from other parts of the processing plant 
(Barnes, 196O; Farrell and Barnes, 1964). 
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The presence of the following bacteria on the siirface 
of poultry and poultry products was reported by Gunderson 
et al. (1947, 1954)î Achromobacter, Aerobacter, Bacillus, 
Escherichia, Paracolobactrum, Proteus, Pseudomonas, and 
Salmonella. Ayres £t (1950) isolated members of the 
same genera, with the exception of Paracolobactrum, from 
fresh and defrosted poultry. Members of the genera 
Achromobacter and Pseudomonas were found on freshly evis­
cerated chickens (Barnes and Shrimpton, 1958). Species 
of Aerobacter, Escherichia, Achromobacter and Pseudomonas 
were isolated from fresh broilers by Thatcher and Loit 
(1961). 
Many investigators considered poultry to be one of 
the largest reservoirs of Salmonellae (Edwards et, âl» » 
1948; Hinshaw and McNeil, 1948; Hinshaw, 19^9; Pelsenfeld, 
I95I; Buxton, 1957; Gordon, R., 1959; Quist, 1962; Kampel-
macher, I963). Salmonellae were recovered by several 
workers from poultry and poultry parts during processing 
(Gunderson e;t al., 19^7, 1954; Edwards e;t a2. , 1948; 
Browne, 1949; Ayres ejfc al. , 1950; Gal ton et a2. , 1955; 
Hardy and Galton, 1955; Dixon and Pooley, 1962; and 
Salzer, 1964). 
Edwards (1939) investigated 100 outbreaks of salmon­
ellosis in poultry flocks and identified 10 Salmonella 
serotypes. Reports of Salmonellae Isolations from chickens 
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and turkeys in England and Wales from 1956 through 1958 
were summarized by Taylor (1960). Serotypes recovered 
from turkeys were; S. anatum, S, blnza, S. braenderup, 
S. cubana, S. infantis, S. minneapolis, S. montevideo, 
S. new-haw, 8. orion, S, Stanleyville, S, thompson, 
S. typhimurium, and S. worthington. Kampelmacher (I963) 
stated that poultry infection, in most countries, was 
due mainly to S. typhimurium, S. thompson, S. anatum 
and S. bareilly serotypes. 
3. Effects of processing on microbial populations 
Water used for chilling poultry contributes to the 
bacterial flora (Farrell and Barnes, 1964). They noted 
that chickens from a mechanical chiller had lower bac­
terial counts than those from static slush-ice tanks. 
Kotula et (1962) observed that significant decreases 
in skin bacteria occurred when chickens were chilled in a 
continuous counterflow-tumbler chiller. Shrimpton and 
Stevens (I96I) demonstrated that chickens processed in 
plants using mechanical chillers had counts below 100,000 
2 bacteria per cm while chickens in plants using static 
slush-ice tanks had total bacterial counts above 100,000 
per cm^. However, Farrell and Barnes (1964) found that 
when water alone was used for chilling, the bacterial 
count was higher than it was in tanks using a mixture of 
water and ice. Bacterial growth was delayed by holding 
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the water temperature at 0,6° C, according to a report by 
Koonz (19^5)» He also stated that the same water could 
be used for several successive lots of poultry provided 
that the temperature was kept below 1.7° C. 
Gunderson et aJ.. (195^) stated that storage of birds 
in common receptacles for chilling was a poor sanitary 
practice and should be avoided to prevent microbial con­
tamination. 
Proper dressing and evisceration can reduce bacterial 
counts (Gunderson et , 195^). These authors reported 
that washing results in removal of dirt, debris and a 
sizeable portion of the surface bacterial load. This 
agreed with earlier work of Goresline et (1951b). 
According to Wilkerson et al. (I961) a final spray rinsing 
slightly reduced the total aerobic count on turkey car­
casses. However, Drewniak et (1954) and Walker and 
Ayres (1956) demonstrated an increase in bacterial numbers 
during processing. 
Bacterial counts of drippings from conveyors ranged 
from 14,000,000 to 56,000,000 per ml at the end of the 
working day (Gunderson et a2., 1954). Hands of workers 
were frequently contaminated with Salmonellae. It was 
concluded, therefore, that; (1) the mechanism of trans­
ferring bacteria from bird to bird was workers' hands and 
processing equipment, (2) if birds must be chilled in 
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vats, they should pass through a fresh, cold water wash 
to remove gross surface contamination prior to being cut-
up, and (3) the cutting up operation should be completely 
separated from the dressing and evisceration procedure. 
C. Fluorescent Antibody Detection of Microorganisms 
The fluorescent antibody (FA) technique, basically 
an immunochemical staining method, was first introduced 
by Coons £t a2. (1942). The application of this procedure 
for detection of pathogens in food is a new approach and 
so this section of the literature review will be devoted 
mainly to other applications of this test. 
1_^ Development of fluorescent antibody methods 
After the initial development of FA (Coons et , 
19^2), this method was utilized to locate various antigens 
in tissue cells (Coons ejt al. , 1942; Coons and Kaplan, 
1950; Kaplan ^  al., 1950; Kaplan, 1958) or indirectly 
(Weller and Coons, 1954). The test was also applied to 
detect antibody (Coons et al., 1955). 
Several procedures were used to prepare, conjugated 
serums used in this test. One of the most common was the 
conjugation of fluorescein isothiocyanate to the gamma 
globulin fraction of rabbit antiserum (Riggs £t al., 1958; 
Einderknecht, I96O; Nairn, 1962). 
According to Cherry et a2. (196O), the direct staining 
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method was used to identify unknown antigen by employing 
known labeled antibody as the staining reagent in diagnos­
tic testing. Indirect staining (Weller and Coons, 195^) 
was used to simplify identification of antigens. It was 
necessary to label only the antiblobulin used as an 
indicator of the specific combination between antigen and 
the unlabeled antibody (Cherry et al., 196O), 
2. Application for detection of microorganisms 
The ability of PA to detect and identify group A 
streptococci in throat swabs was evaluated by Moody (1959) 
who reported results comparing favorably in both sensi­
tivity and specificity to results by cultural isolation. 
Antisera for Pasteurella pestis were produced, labeled 
and used to detect this organism in mice infections. 
This test provided results two days sooner than conven­
tional methods (Winter and Moody, 1959). 
FA was first applied for detection of members of the 
Enterobacteriaceae by Whitaker et (1958). The test 
was used to restudy samples from a 195^ outbreak of in­
fantile diarrhea due to E. coli 0127;B8 which they had 
been studying by cultural methods at the time of Its 
occurrence. Thomason, et al. (1957) applied this test 
to detect Salmonellae in pure culture. This proce­
dure was also applied to demonstrate the presence of 
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Salmonellae in dried eggs and egg products (Haglund et al., 
196^) and in raw meat (Georgala and Boothrayd, 1964), with 
a considerable saving in time over conventional methods. 
Both groups of workers reported that the method was 
specific. 
Thomason et (1961a,b) and Cherry £t al, (I961) 
discussed the preparation of labeled antibodies for detec­
tion of enteropathogenic E. coli and the application of 
this method to field evaluations. They concluded that 
this presumptive diagnosis could be made more rapidly 
with greater sensitivity than could be done by Isolation 
and slide agglutination. 
One of the first reports of applying PA to rapidly 
diagnose human viral diseases appeared in 1956 (Liu). 
This was followed by the work of Goldwasser and Kissling 
(1958) who found that fixed rabies virus antigens could 
be detected with this method. Direct FA staining was used 
to quickly identify polio viruses in unknown stool speci­
mens (Kalter £t 1959). Direct and indirect FA tests 
were applied to detect herpes simplex virus in clinical 
material (Lebrun, 1956; O'Dea and Dineen, 1957; Biegeleisen 
£t , 1959). 
This method was applied to detect fungi causing 
disease or to measure the fungal antibody in serums. 
Vogel and Padula (1958) demonstrated antibodies in sera 
29 
from patients with systemic mycotic infections. Accord­
ing to Gordon (1958a,b) Candida albicans could be differ­
entiated from all other yeasts except C. tropicalis. 
Kimz (1958a,b) examined lung tissue and detected antigens 
for Candida spp. 
Possible future applications of this technique were 
discussed by Cherry et al. (1960). Such applications 
included detection of Mycobacterium tuberculosis, Hemo­
philus , Klebsiella, Neisseria, Listeria and staphylococci 
in clinical cases and bacteria, viruses, toxins and fungi 
in air, water, food, soil and arthropod vectors. 
3. Specificity of reaction 
After conditions for antigen staining were established 
and the staining accomplished, it was necessary to prove 
that the observed staining was specific. These neces­
sary proofs were stated by Coons et (19^2), Coons and 
Kaplan (1950) and Cherry et al. (I96O). 
Early tests using FA to detect pneumococcal antigens 
in tissues were proved specific (Coons et al., 19^2) in 
accordance with requirements listed by Coons et a2. (1942), 
Coons and Kaplan (1950) and Cherry et al. (I96O). Later 
work (Coons and Kaplan, 1950; Weller and Coons, 195^) 
also verified these findings. Applications of this 
technique to detect other microorganisms in clinical 
materials were proved specific (Eveland £t al., 1957; 
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Gordon, M., 1958a,b, 1959; Kunz, 1958a,b; Kase and 
Marshall, I96O; Kaufman and Kaplan, I961), Also, PA 
detection of microorganisms causing food poisoning or 
infections was demonstrated to be specific (Walker and 
Batty, 1964a,b; Georgala and Boothroyd, 1964; Haglund 
et al., 1964). 
Thomason et a2. (1957) applied FA techniques to the 
specific detection of Salmonella serotypes. No evidence 
was obtained suggesting that application of a polyvalent 
globulin solution containing one or more types of heter­
ologous antibody interfered with specific staining of 
homologous antigen. However, attempts to apply this 
technique to detect Salmonellae in fecal material were 
unsuccessful because of nonspecific staining (Thomason 
et al., 1959). Cherry ^  al. (I960), in referring to the 
nonspecific staining, stated that careful absorption of 
globulins to remove antibody reacting with organisms 
other than Salmonellae may resolve the problem of cross 
reactivity. Arkhangel'skii and Kartashova (I962) claimed 
that PA was used successfully in detecting 8. dublin in 
artificially contaminated milk. The development of a FA 
test for the rapid detection of Salmonellae in raw meat 
was reported by Georgala and Boothroyd (1964). These 
authors stained the smears from an 18 hour selenite en­
richment broth which was incubated at 43° C. H-antigens 
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were poorly developed In their work; they stated that 
the test was suitable for rapid presumptive testing. 
Haglund et (1964) found that PA was specific for 
Salmonellae in dried eggs and egg products when suitable 
absorbed antibody preparations were used. 
D. Media and Methodology 
Two types of media have been advocated for isolation 
of Salmonellae; liquid for inhibition and selective 
solid for isolation. Most media for this purpose were 
developed initially for isolation of Salmonellae from feces 
in clinical work. More recently, non-selective media 
were used in conjunction with the two types mentioned 
above, in attempts to obtain higher recoveries of 
Salmonellae from food. 
1. Isolation 
Two selective liquid enrichment media widely used 
were Mueller's tetrathionate broth modified by Kauffman 
(1935) and selenite broth developed by Leifson (1936). 
Both of these media selectively inhibit microorganisms 
and permit numbers of Salmonellae to increase. Smith 
(1952) concluded that selenite broth was-superior to 
tetrathionate broth for detecting Salmonellae in feces. 
This confirmed the work of Hobbs and Allison (19^5)• 
According to Smith (1952), the differences between the 
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broths appeared only when low numbers of Salmonellae were 
in the feces and the highest recoveries were obtained when 
both broths were used simultaneously. Variations in the 
ability of Salmonellae to grow in these two media were 
reported by Leistner £t a2. (I963). 8. miami was unable 
to grow in tetrathionate broth and S. manhattan was unable 
to grow in selenite broth. 
Tetrathionate broth was utilized by Gibbons and Moore 
(1944a) but Solowey et al. (1946) and Ayres and Slosberg 
(1949) used selenite-F broth. Cantor and McFarlane (1948) 
used both media for enrichment of Salmonellae in fresh 
eggs, 
Ruys (1934) reported using brilliant green-Esbach 
broth for isolation of S. schottmuelleri, and later (1940) 
stated that this broth yielded a higher positive percent­
age than other enrichment broths. 
According to North and Bartram (1953), the addition 
of L-cystine to selenite-F broth gave more positive 
Salmonellae isolations. These findings were verified by 
Byrne ejt a2. (1955) and Taylor et al. (1958). Addition 
of carbohydrates to selenite broth did not increase 
Salmonellae isolations (Leifson, 1936; Taylor e_fc al., 
1958). Hurley (1952) reported that the addition of 
mannitol and phenol red to tetrathionate broth and that 
increase of the oxidation-reduction potential resulted in 
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better growth of Salmonellae. Later, this medium was 
modified and used for Isolating these organisms from 
dried egg and egg products (Haglund et al., 1964). 
Pre-enrlchment procedures for Isolation of Salmon­
ellae from egg products were reported by North (I961). 
This Investigator used lactose broth and obtained higher 
most probable numbers of these organisms in egg products. 
He attributed this to the action of the pre-enrlchment in 
eliminating the effect of natural inhibitory substances 
present in egg albumen. Silllker and Taylor (1958) 
stated that the natural inhibitory substances in eggs were 
probably responsible for poor recoveries of Salmonellae 
from some egg samples. A pre-enrlchment technique was 
also preferred when working with dried eggs and cake 
mixes, according to Montford and Thatcher (I961). 
Mossel et al. (I963) used a buffered brilliant green 
bile broth for Enterobacterlaceae enrichment. Isolation 
of Salmonellae was accomplished by plating 0.1 ml of a 
10"^ dilution of the enrichment culture on brilliant 
green agar. Nutrient broth plus selenlte-P and tetra-
thlonate broths were recommended by Hobbs (1962). 
Recovery of Salmonellae from the various enrichment 
media was accomplished by using solid plating media. The 
most widely used selective media were brilliant green 
agar (Krlstensen et al., 1925), bismuth sulfite agar 
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(Wilson and Blair, 192?, 1931; de Loureiro, 1942), 
desoxycholate citrate agar (Smith, 1952) and SS agar 
(Smith, 1959). 
Plating selective enrichment media inoculated with 
foods on brilliant green agar yields greater num,bers of 
Salmonellae than when any other selective plating media 
are employed (Galton £t al., 1954, 1955; Osborne and 
Stokes, 1955; Edwards and Ewing, I962). Brilliant green 
agar generally does not support the growth of S. typhosa. 
In examining egg products, Osborne and Stokes (1955) 
found that adding 0.1 per cent sulfapyridine to brilliant 
green agar made the medium more selective for Salmonellae. 
According to Galton et al. (1954), the addition of sodium 
sulfadiazine (8 to 16 mg per 100 ml of medium) effectively 
inhibited pseudomonads but did not interfere with growth 
of Salmonellae. Montford and Thatcher (1961) preferred 
brilliant green and brilliant green sulfapyridine agars 
for isolation of these pathogens from egg products. 
2. Confirmation 
Biochemical confirmation of Salmonellae was important 
in identifying these organisms. Edwards and Ewing (I962) 
stated that a study of biochemical reactions was. the only 
method available to recognize various members of Entero-
bacteriaceae. Therefore, any culture presumptively identi­
fied as Salmonellae or Shigellae should be confirmed by 
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biochemical tests prior to serological examination. 
Many media were used for biochemical testing and 
many of these media determined multiple fermentation 
reactions rather than the utilization of single compon­
ents. One of the most commonly used media was triple 
sugar iron agar. Krumwiede and Kohn (1917) modified 
Russell's (1911) medium by adding saccharose. Later, 
addition of HgS indicators and pH indicators (Sulkin and 
Willett, 19^0) improved the efficiency of this medium. 
A widely used medium in England was Gillies' (195^) 
modification of Kohn's (1954) medium (Hobbs, I962). 
Montford and Thatcher (I961) preferred it because the 
need for the many diagnostic media enumerated by Edwards 
and Swing (I962) was eliminated and because dulcitol-
lactose-iron agar (Taylor and Silliker, 1958) does not 
detect S. gallinarum. 
More recently the Institute of American Poultry 
Industry (1964) suggested a new proposal for detection 
of Salmonellae in dried eggs and dried mixes containing 
eggs. This group has included a sampling procedure in 
the method. The test included a lactose pre-enrichment 
procedure and the selective inhibition was accomplished 
by using tetrathionate and selenite broths. Biochemical 
and serological confirmations were included. 
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When bacteria showing characteristic Salmonellae 
fermentations were Isolated, they were subjected to com­
plete serological typing to Identify the somatic and 
flagellar antigens. A widely recognized schema that was 
established through the work of several Investigators was 
called the Kauffmann-White schema (Kauffmann, I96I; Ed­
wards and Ewing, 1962). Serological typing of isolated 
Salmonella cultures was recommended by many workers 
(Kauffmann, I96I; Sedlak and Rlshce, 196I; Edwards and 
Ewing, 1962; Hobbs, I962). 
Kauffmann (19^1, 1951j I96I) described polyvalent 0 
and polyvalent H serums which facilitated recognition of 
Salmonellae. Kauffmann (195^) modified the method of 
preparing polyvalent serums to include newly described 0 
and H antigens. A different approach was used by Edwards 
and Ewing (I962) in preparation of polyvalent serums. 
They produced one serum which attempted to incorporate 
agglutinins for all the 0 and H antigens of the genus. 
It was difficult to produce this serum type, so newly 
discovered antigens were accommodated by adding pooled 0 
and H serums. This method of adding antibodies has caused 
little difficulty in obtaining suitable titers, 
A universally accepted method for isolation and 
identification of Salmonellae was not available as noted 
in this literature review. Most workers require biochemical 
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and serological confirmation of these organisms. The use 
of fluorescent antibody for the specific detection of 
many microorganisms was reported. Application of this 
immunochemical staining reaction in conjunction with 
cultural procedures would provide a rapid procedure 
for the specific detection of Salmonellae in food 
products. 
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III. MATERIALS AND METHODS 
A. Procurement of Samples 
LL ERRS 
Samples of dried egg products were obtained from 
commercial egg drying operations. Approximately one pound 
samples of each lot were submitted by various companies 
in clean plastic or paper containers. Each sample was 
labeled and the following information was provided: lot 
code, type of product and, in some cases, the types of 
heat treatments used during processing. The samples were 
assigned a number code and letter designation to indicate 
the supplier. The drying plants that provided the samples 
used in this study were located in Iowa, Arkansas, Ohio, 
Missouri, Minnesota and Kansas. 
2. Poultry 
Samples were collected from two federally inspected 
turkey processing plants located in Iowa. The plants 
process and package whole and further processed turkey 
products. The birds were killed, inspected, eviscerated, 
washed and then placed in large tanks containing chipped 
ice and stored in ice for further processing the follow­
ing day. The turkey carcasses were placed on shackles 
and then cut up into suitable parts for roasts, rolls, 
breasts, thighs and legs which were then frozen. 
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3. Egg drying plants 
Samples were collected from federally inspected egg 
breaking and drying plants. Both of the plioolauts broke 
eggs for drying purposes. The main prcductis-ts processed 
at the plants were dried egg albumen, driec^jjd ivhole egg, 
dried egg yolk, sugared whole egg and sagarj^fed egg yolk. 
The plants purchased their eggs locally at 5: times but 
also received liquid egg from other breakiïq^ug plants for 
drying purposes. 
In plant A most of the liquid egg ffas g obtained from 
a hand breaking operation within the plant3n. addition, 
some eggs were broken using an experimenta%l breaking 
machine. Only the dirty eggs were washed g pirlor to break­
ing. The liquid egg was collected in pailsjis aiid then 
carried to a vat for storage until approxinflisiately 200 lbs 
were available. The product was then pumpe^ed to large 
blending tanks. The main product in this j plant was 
sugared whole egg and large tanks were useo^i f or blending 
of the corn syrup solids with the liquid wBiiwrh-ole egg. The 
product was then pasteurized and spray drieiSed, 
In plant B most of the liquid egg was jss obtained, from a 
machine breaking operation in plant B. In# ad-dition some 
liquid egg was obtained from other plants ; and. this was 
received in tank truck. The only hand bro^tioKe.!! eggs 
obtained at this plant came from 
4o 
egg shipments or from separation of eggs from which the 
contents were leaking out. The main product at the time 
of visit was sugared egg yolk. The yolk was collected in 
pails at the breaking machines, carried to a vat where it 
was strained, and then pumped to large tanks where corn 
syrup solids were added and the product blended. The 
product was then pasteurized and spray dried. Then egg 
whites were desugared with a controlled bacterial fermenta­
tion prior to spray and pan drying. The dried egg white 
was then heat treated to eliminate Salmonellae. 
4. Sampling procedures 
Processing equipment, eviscerated turkeys and meat 
obtained from cutting up turkeys were sampled by moisten­
ing cotton swabs in peptone water and then rolling the 
swab on the surface of the equipment, bird or cut-up 
meat. The entire surface of the turkey and meat was swab-
2 bed. Approximately a 10 cm area on the processing equip­
ment was sampled on the larger pieces of equipment. The 
entire surface of smaller items, such as knives and 
sharpeners, was swabbed. The cotton portions of the 
sticks were then snapped off into tubes containing 10 ml 
of the selective enrichment media for Salmonellae. Upon 
returning to the laboratory, the tubes were then incubated 
at 37 C for 8 hours. 
The processing equipment in the egg breaking and 
4l 
drying plants was sampled in a manner similar to that for 
the poultry processing plants. Also, the cups on the 
automatic egg breakers were sampled by rolling a swab 
over ten successive cups. 
B, Microbiological Procedures 
1. Media 
Two media were used for primary enrichment of Sal-
monellae. The first was a modification of the one des­
cribed by Hurley (1952) and had the following composition; 
Broth mixture 
Tetrathionate broth base (Difco) 46.0 g 
Mannitol 5*0 g 
Phenol red 0.2 g 
Distilled water 800 ml 
Iodine solution 
Iodine 7.6 g 
Potassium iodide 5.6 g 
Distilled water 20.0 ml 
Portions (80 ml) were dispensed into prescription bottles 
and steamed for 15 min. After cooling, 2 ml of the iodine 
solution were added to each portion. The second enrichment 
medium, prepared by dissolving 23 g selenite cystine 
broth {Difco) in 800 ml distilled water, was dispensed 
in 80 ml portions and steamed for 10 min. 
Ten gram portions of dried egg were made into a paste 
with 20 ml sterile distilled water containing 0.3 g yeast 
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extract to counteract Inhibitory properties of egg albu­
men (Ayres and Stewart, 194?) and used to inoculate the 
two enrichment media. The broths containing the egg were 
then incubated for 8 to l6 hrs at 37° C. 
After incubation, three 0.1 ml portions of each cul­
ture were transferred to three 10 ml portions of H-broth 
(Hajna, 1950) modified by substituting mannitol for glu­
cose ^ Mannitol was substituted after observing that PA 
slides prepared from cultures grown with mannitol pro­
duced a brighter fluorescence than in the presence of 
glucose or lactose. This step was also included to 
counteract slides prepared from effects of the inhibitory 
broths in altering morphology and producing poor stain­
ing characteristics of organisms used to prepare slides. 
Studies on poultry products and processing equipment 
were made with the two modified tetrathionate and selenite 
broths for tests with PA followed with enrichment in modified 
tetrathionate broth followed with subculture to brilliant 
green agar and biochemically confirmation as described by 
Galton e_t al. (1964). The samples used in this work were 
not mixed with the yeast extract water previously des­
cribed, and the media were prepared using 1000 ml instead 
of 800 ml distilled water. The samples were incubated for 
8 to l6 hrs at 37° C and then three 0.1 ml portions 
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of each culture were transferred to three 10 ml portions 
of the mannitol H-broth. These cultures were incubated 
8 to l6 hrs at 37° C. 
A single step enrichment was used in some experiments 
on poultry products. In this work buffered brilliant 
green bile broth (Mossel et a2., I963) was incubated at 
37° C for 8 hrs and then slides prepared for FA staining. 
All FA tests were confirmed by streaking the enrich­
ment cultures on brilliant green or bismuth sulfite 
agars, picking isolated colonies to triple sugar iron agar 
for biochemical confirmation and agglutinating with 
specific serums. 
2. Conventional methods 
All egg samples were examined for the presence of 
Salmonellae by the preferred method described by Montford 
and Thatcher (196I) and the method of the Institute of 
American Poultry Industries (lAPI, I96O). These results 
were used as controls to determine the reliability and 
sensitivity of the FA method. These tests were performed 
as described in the methods cited. 
Samples of poultry products and poultry processing 
equipment were examined using the modified tetrathionate 
broth medium described by Galton £t (1964). This 
medium was used as a control in this phase of the experi­
ments to determine the reliability of the FA method in 
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detecting Salmonellae on these products and equipment, 
3. Identification of cultures 
Pure cultures of Salmonellae, Arizonae and Shi^ellae 
were obtained from the U.S.D.A. National Animal Disease 
Laboratory, Ames, Iowa, and Salmonellae from the Salmonella 
Reference Laboratory, Central Public Health Laboratory, 
London, England for use in this study. Cultures of E. 
coli were provided by the Department of Bacteriology, 
Iowa State University, Ames, Iowa. Cultures of Bacillus 
spp., Arthrobacter spp., Pseudomonas spp., Serratia spp., 
Alcaligenes spp., Brevibacterium spp., Flavobacterium 
spp.. Staphylococcus spp., Cornybacterium spp., Arthro­
bacter spp,, Aeromonas spp., Achromobacter spp., Strepto­
coccus spp., Aerobacter spp., Leuconostoc spp., and 
Xanthomonas spp, were obtained from collections in the 
Departments of Dairy and Food Industry and Bacteriology 
of the Iowa State University, Ames, Iowa* 
Bacteria isolated from egg and poultry products were 
purified by streaking the culture on nutrient agar and 
then isolated colonies were picked to nutrient agar 
slants. This procedure was repeated three times and then 
Gram stains were made. 
All Gram positive cultures were characterized accord­
ing to Bergey's Manual of Determinative Bacteriology 
(Breed et al. 1957). A 3 per cent solution of hydrogen 
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peroxide was used to determine the catalase reaction of 
these bacteria (Society of American Bacteriologists Manual 
of Microbiological Methods, 1957). 
Gram negative bacteria of the family Enterobacteriaceae' 
were characterized by the schema proposed by Edwards and 
Swing (1962), These isolates were tested for production 
of indole, acetylmethylcarbinol and acid from MR-VP 
medium, growth on Simmons' citrate agar, hydrogen sulfide, 
ammonia from urea, acid from arabinose, lysine decarboxy­
lase, phenylalanine deaminase and ability to grow in KCN 
broth. The method of Rhodes (1958) was employed to make 
flagella stains from cultures grown in petri dishes 
containing 'OF basal medium. 
4. Fluorescent antibody methods 
Fluorescent antibody (FA) methods were combined with 
cultural procedures previously described to eliminate 
some of the cross reacting contaminants in the samples 
and to enrich the Salmonellae to increase their numbers 
and make detection easier. The cultural procedure recom­
mended was selective enrichment of duplicate samples in 
the modified tetrathionate broth and selenite F cystine 
broth for 8 to 16 hrs at 37° C after which three 0.1 
portions of each culture were transferred to three 10 ml 
portions of mannitol H-broth and incubated at 37° C for 
8 to 16 hrs. These broth cultures were then used to 
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prepare the slides for FA staining. 
a. Indirect staining;. The indirect FA method was 
first described by Weller and Coons (1954) and was used 
in this study. The exact procedure was as described in 
the following paragraphs. 
Slides were prepared by placing one drop of an 8 to 
l6 hr culture on a clean glass slide, air drying and fix­
ing the smear in a solution composed of 60 ml absolute 
ethanol, 30 ml chloroform, and 10 ml formalin for 1 to 
3 min. After fixing, the slide was washed in 95 per 
cent ethanol or distilled water to remove the solution 
and then air dried. 
Smears were stained with Salmonella antibody pre­
paration (described later) for 15 to 30 min in a moist 
chamber at 37° C. The chamber was made by placing glass 
rods in the bottom of a Pyrex cake pan covered with a 
glass plate, A moist atmosphere was obtained with dis­
tilled water in the bottom of the pan. After staining, 
the slides were washed for 10 min in pH 7.2 phosphate 
buffered saline (1.18 g NagHPO^, 0.22 g NaH^PO^ and 8.5 
g NaCl per liter). Two changes of buffer were used. 
The smears were then stained with the appropriate 
conjugated anti-globulin for 15 to 30 min in the moist 
chamber at 37° C. Usually the conjugated anti-globulin 
was PA Anti-Rabbit Globulin Anti-Globulin (GAR Goat) and 
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was obtained from Difco Laboratories. This material was 
rehydrated according to their directions and then 1 ml 
of this solution was further diluted to 5 ml prior to 
staining. 
Slides were then washed in pH 7,2 phosphate buffered 
saline for 30 to 60 min with two changes of the wash 
solution, rinsed with distilled water and mounted with 
pH 7.0 phosphate buffered glycerol 1 part phosphate 
buffer pH 7.2 (1.18 g MagHPO^ and 0.22 g WaHgPO^ per 
liter) to 9 parts of glycerol . One drop of this solu­
tion was placed on the smear and then a cover slip was 
placed on top. Slides were then viewed using a suitable 
UV equipped microscope. 
FA slides were rated according to staining intensi­
ties as follows; 0 = none, 1 = very weak, 2 = weak, 3 = 
moderate, 4 = strong, and 5 = very strong. The rating 
system was used throughout the experiments. 
b. Direct staining. Direct PA staining was des­
cribed by Coons et al. (1942) and was used in this work. 
Serums were conjugated by mixing 6 ml 0.15 M NaCl and 
3 ml of pH 9.0 carbonate buffer (3.7 g NaHCO^ and 0.6 g 
NagCO. diluted to 100 ml in distilled water) with 3 ml 
Salmonella antiserum, and chilling the mixture to 0° to 
2° C (Nairn, I962). Nine mg fluorescein isothiooyanate 
was dissolved in a minimal volume of acetone and added to 
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the cooled serum mixture which was then mixed on a mag­
netic stirer for 24 hrs at 0° to 2° C. After conjugation 
the excess unreacted dye was removed by separation on a 
1 X 20 cm column of G25 Sephadex (Pharmacia, Upsala, 
Sweden) using pH 7.2 phosphate buffered saline to elute 
the conjugated serum. The free dye was retained on the 
column. Complete separation was effected in 20 min and 
usually 10 ml of serum was obtained. 
The Sephadex was rehydrated by adding excess pH 7.2 
phosphate buffered saline and storing the mixture at 2° 
C for 24 hrs before use. This material was carefully 
placed in a 1 X 20 cm column to Insure fre.edom from 
entrapped air bubbles. Usually the columns were used 
immediately, otherwise 1 ml of a 1:10,000 solution of 
sodium ethyl mercuric thiosolicylic acid was added and the 
column stored at room temperature. 
One drop of an 8 to l6 hr culture grown in mannltol 
H-broth was placed on a clean glass slide, air dried and 
fixed as previously described. One drop of conjugated 
serum was applied to the smear and the slide incubated 
in a moist chamber for 15 to 30 min. The slide was then 
washed in pH 7«2 phosphate buffered saline for 30 to 60 
min and rinsed with distilled water and mounted as 
previously stated. 
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c. Preparation of serums. The component antlsera 
were obtained from the U. S. Public Health Service's 
Communicable Disease Center, Atlanta, Georgia and were 
mixed in proportions to give suitable titers for each 
Salmonella group. The antiserum, prior to precipitation 
and absorption of the gamma globulin, contained anti­
bodies against the following Salmonella antigens: 
somatic "0" 1 to 10, 12, 13, 15, 19, 22, 36, 46 and Vi; 
and flagellar "H" 1, 2, 5» 6, 7, a, b, c, d, e, f, g, h, 
ij k) 1, m, p, 8, t, V, w, X, y, ^15' ^23' 
^27' ^ 29' ^32' ^ 35 Z36' 
The gamma globulins were precipitated twice with 
redissolved in an equivalent volume of sterile 
physiological saline and dialyzed for 24 hrs at 2° C to 
remove the ammonium salt. The preparation was preserved 
by adding sodium ethyl mercuric thlosalicylic acid 
(1:10,000). 
Cross staining reactions were eliminated by absorb­
ing the gamma globulin preparation with five strains of 
Escherichia coll according to the method described by 
Nairn C1962). When additional cross staining micro­
organisms were encountered the absorption procedure was 
extended to Include these organisms. The cells used in 
absorption were removed by centrifugatlon at 25,000 x G 
for 15 min. The serum preparation was stored at 0° to 
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2° C until used. 
d. Specificity of fluorescent antibody. A compre­
hensive selection of bacterial isolates derived from 
samples of dried egg products and poultry products was 
obtained by incubating samples of these items in selenite 
F cystine and modified tetrathionate broths for l6 hrs 
at 37° C. Three 0.1 ml portions of each culture were 
transferred to three 10 ml portions of mannitol H-broth 
and incubated l6 hrs at 37° C and then brilliant green 
and nutrient agar plates were streaked with these cul­
tures. The isolates were screened for cross staining 
reactions. The cultures previously described were Included 
in this work. When cross staining was encountered that 
could not be eliminated by absorption with the five E. 
coll cultures, the cross reacting bacteria were used in 
absorption procedures to eliminate this reaction. 
Enterobacterlaceae and Pseudomonadaceae are some of 
the common contaminants of egg and poultry products 
(Florian and Trussel, 19575 Gunderson et j 19^7)» 
Varying levels of likely contaminants were mixed with 
Salmonella thompson in egg albumen to see if contamina­
tion with other organisms Interfered with Salmonella 
detection. 
After conditions for antigen staining and absorption 
were established and the staining accomplished, it was 
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necessary to prove that the observed staining was specific. 
These necessary proofs were stated by Coons et al. (1942), 
Coons and Kaplan (1950) and Cherry e_t (196O) and are 
summarized as follows; 
1. Uninoculated culture medium or mediums contain­
ing non-related organisms should not stain. 
2. If antigen concentration increases with incuba­
tion time the degree of fluorescent staining 
should increase correspondingly. 
3. Normal sera in the indirect test or conjugated 
normal sera should not stain the antigen. 
4. Staining of antigen by the direct test should 
be inhibited by pre-treatment of the smear 
with unlabeled specific antibody. 
5. Staining should be inhibited by dilution of 
the reagent in homologous antigen suspensions. 
6. Absorption of the reagent with homologous anti­
gen prior to staining should inhibit the reaction. 
7. In the indirect test the conjugated material 
should not stain the antigen unless specific 
antibody was used first. 
Not all of these proofs are applicable in every case. The 
specificity was determined by replacing immune with non­
immune serum, using serum absorbed with homologous 
organisms, blocking techniques in direct staining, inter­
ference techniques using rhodamine conjugated GAR prior 
to the fluoroscein conjugate and dilution of serums. 
Increases in the number of fluorescent organisms with 
increasing Incubation time was demonstrated by staining 
broth cultures of various ages. 
When pre-immune serums or blocking techniques were 
used, these serums were placed on a slide after fixing 
52 
and allowed to react for 15 mln at 37° C in a moist 
chamber. The slides were washed in pH 7.2 phosphate 
buffered saline and the staining technique previously 
described was used to complete the method. The use of 
pre-immune or specific immune serums (blocking technique) 
was an additional step in the normal staining procedure 
and did not replace any portion of the procedure. 
Interference techniques were accomplished by placing 
a drop of rhodamine conjugated GAE on the slide on which 
the culture was previously fixed, reacted with the 
Salmonellae antibody preparation and washed. The slide 
was then placed in a moist chamber at 37° C for 15 min 
after which it was washed for 10 min in pH 7.2 phosphate 
buffered saline. When this was completed the fluorescein 
conjugated GAR was placed on the slide and staining com­
pleted as previously described. 
Dilutions of serums was accomplished by adding 0.85 
per cent saline to the antibody preparations to obtain 
the necessary dilution factor. These serums were then 
used in the normal staining procedure to determine if 
there was a reduction in staining intensity with dilution 
of the serums. 
Cultures of Salmonellae were placed in mannitol H-
broth incubated at 37° C and then slides were prepared at 
2 hr intervals to determine if there was an increase in 
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the number of fluorescent stained cells. This procedure 
was carried out over a 24 hr period. The slides were 
stained by the normal procedure previously described. 
e. Microscope and light source. Slides were viewed 
with a Reichert "Zetopan" (W. J. Hacker & Co., West 
Caldwell, New Jersey) research microscope equipped for 
fluorescence microscopy. The ultra violet light source 
was an Osram HBO 200,LI high pressure mercury vapor lamp 
and a dark field condensor was used. KG 2 heat absorb­
ing, BG 12 UV transmitting and OG 1 barrier filters were 
used for UV microcoscopy. A tungsten light with dark-
field condenser was used for detecting unstained cells. 
Photomicrographs were obtained using a micro miniature 
camera "Remica II" (W. J. Hacker & Co., West Caldwell, N. 
J.) and Hi Speed Ektachrome Film (Eastman Kodak Co., 
Rochester, N. Y.). Exposures varied from 2 to 5 min 
when UV light was used. 
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IV. RESULTS 
In order to apply fluorescent antibody (FA) methods 
to detect microorganisms in food products or on process­
ing equipment it was necessary to determine the specifi­
city of the reaction. The initial experiments were made 
to determine if FA detection of Salmonellae was specific 
and, later, the results were applied to detect these organ­
isms in dried egg products, turkey products and equipment 
used in processing these items. 
A. Specificity of Fluorescent Antibody Reactions 
1. Indirect staining 
The culture media used to grow the microorganisms has 
an effect on the staining intensity. This effect was 
demonstrated by FA staining 5. anaturn and 8. thompson 
after growth in several different media. Results of this 
experiment are tabulated in Table 1. Salmonellae grown 
in mannitol H-broth showed the brightest fluorescence and, 
therefore, this medium was selected as the secondary 
enrichment medium for future studies. The bacteria grown 
in the modified tetrathionate broth and selenite F 
cystine broths were unsatisfactory for staining because 
the cell morphology was altered and in some cases the 
cells looked like cocci rather than rods. In addition, 
these media were unsatisfactory because the slides 
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Table 1. Effect of media on staining intensity of 
S. anatim and S. thompson 
Broth media 
FA staining 
Somatic 
intensity* 
Flagellar 
Modified tetrathionate 2 2 
Selenite F cystine 2 2 
Lactose 2 2 
Mannitol H 5 5 
Dextrose 3 3 
Buffered brilliant green 5 4 
Ratings for intensity of fluorescence range from none' 
(0) to very bright (5). 
prepared from these cultures did not appear sufficiently 
bright for easy detection. 
Common antigens among members of the Enterobacteriaceae 
have been reported by Edwards and Ewing (I962) and it was 
anticipated that these common antigens would interfere 
with specific FA staining of Salmonellae. Absorption of 
serums (Nairn, I962) with cross staining organisms or 
tissue homogenates was used successfully to eliminate 
cross reactions in other FA methods. The effect of these 
absorptions on the specificity of FA staining of Salmon­
ellae and cross staining E. coli was determined (Table 2). 
The results demonstrate the effect of successive one-half 
hour absorptions of the serum with the 5 cross reacting 
E. coli cultures. The cross reactions were reduced to a 
point where they do not interfere with the test and at the 
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Table 2. Effect of serum absorption on FA staining 
Intensity* 
Number of times serums were absorbed 
Organi sm 0 1 2 3 4 
S. anatum 5 5 5 5 5 
S. montivideo 5 5 5 5 5 
S. thompson 5 5 5 5 5 
8. pullorum 5 4 5 5 5 
E. coli 5 1 0 0 0 
E. coli 2B5 4 0 0 0 0 
E. coli 2B12 3 0 0 0 0 
E. coli 2B13 4 2 0 0 0 
E. coli 2B13M 5 4 3 2 1 
^Eatings for intensity of fluorescence range from 
none (0) to very bright (5). 
same time the degree of fluorescence of the Salmonellae 
remains high. 
The animal source of the serums used in indirect FA 
staining must be known to obtain suitable preparations. 
The data in Table 3 demonstrate the effect of various 
animal species for serum production on the staining 
intensity. These data show that when the Salmonella 
antiserum is produced in a rabbit, the conjugated serum 
must be anti-rabbit. The application of the conjugated 
serums in the absence of the Salmonella antiserum does 
not stain the preparation. 
Most Salmonellae have both somatic and flagellar 
57 
Table 3» The effect of serum origin on FA staining of 
Salmonellae 
Salmonellae serum Conjugated serum PA 
obtained from Anti- Anti- staining 
Organism Chicken Rabbit Chicken Rabbit reaction 
S. anaturn + + positive 
+ 
- -
+ negative 
-
+ + - negative 
-
+ 
-
+ positive 
-
- + 
- negative 
— 
-
+ negative 
S. lexington + — + - positive 
+ 
-
-
+ negative 
-
+ + - negative 
- + - + positive 
-
- + - negative 
-
— -
+ negative 
S. pullorum " + — + - positive 
+ - - + negative 
- + + - negative 
-
+ 
-
+ positive 
- -
+ 
-
negative 
— 
+ negative 
antigens and a few serotypes contain "Vi" antigen (Ed­
wards and Swing, I962). Results of staining when these 
various types of antigens were used are shown in Table 4. 
S. typhosa was the only organism that contained the "Vi" 
antigen that was included in this study. The presence 
of the "Vi" antigen did not interfere with PA staining of 
this organism when somatic antibody was used. 
Use of various types of antibody and antibody com­
binations produces different staining effects. Figure 1 
shows that when somatic antibodies were used the cell 
Figure 1. Staining effects when different antibody-
antigen combinations are used in indirect 
staining 
Upper left - S. anaturn stained using 
somatic antibodies 
Upper right - S. typhosa stained using 
"Vi" antibody 
Lower left - S. anatum stained using flagel­
lar antibodies 
Lower right - S. anatum stained using 
somatic and flagellar anti­
bodies 
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Table 4. Effect of staining with different antibodies 
FA staining intensity* 
Organism Somatic Flagellar "Vi" 
S. typhosa 5 4 5 
S, thompson 4 4 0 
S. anatum 5 5 0 
8. montèvideo 4 4 . 0 
S, infantis 4 5 0 
S. enteritidus 5 5 0 
S. pullorum 4 1 0 
^Ratings for intensity of 
none (0) to very bright (5). 
fluorescence range from 
walls were visible and not the flagella. A similar effect 
was noted when "Vi" antigen was utilized. Flagellar anti­
bodies stain only the flagella. The combination of somatic 
and flagellar antibodies results in staining of both the 
cell wall and the flagella. 
The staining reaction was prevented by inclusion 
of an interference step in the staining procedure. This 
effectively reduced the brightness of the stained cell by 
80 to 90 per cent. The staining of the antigen-antibody 
complex first with a rhodamine conjugated GAR results 
in a combination with the reactor sites so that the 
fluorescein conjugated GAR reaction is inhibited. The 
data in Table 5 show the effect of this interference on 
the staining intensity and also demonstrates that the 
Salmonella antibodies do not stain the organisms. 
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Table 5. Effect of Interference techniques on specifi­
city of FA reactions 
Staining intensity 
Organism Interference GAR Somatic Flagellar 
S. anaturn _ + 5 5 
-
- 0 0 
+ 2 2 
+ - 0 0 
S. thompson 5 4 
— - 0 0 
+ + 2 1 
+ - 0 0 
S. montevideo 4- 5 5 
— - 0 0 
+ + 2 0 
- 0 0 . 
S. infantis + 4 5 
- - 0 0 
+ 2 0 
+ - 0 0 
S. enteritidis + 5 5 
— 
- 0 0 
+ 2 0 
+ — 0 0 
^Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
The effect of serum dilution on staining intensity was 
summarized in Table 6. When the serums were diluted, 
there was, in some cases, a slight increase in staining 
intensity at the lower dilutions but when the serums were 
diluted to 1-70 the staining intensity was very weak and 
the slides were considered unsatisfactory for routine 
uses. The staining was specific since the intensity 
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Table 6. The effect of serum dilution and pre-immune 
serums on staining intensity* 
Normal Pre-immune Serum diluted to 
Organism stain serum 1-5 1-20 1-40 1-70 
8. anatum 5 5 5 5 4 2 
8. bareilly 5 5 5 4 4 2 
8. blockney 5 5 5 5 4 2 
8. cerro 3 3 3 0 0 0 
8. Chester 4 4 4 4 4 1 
8. derby 4 4 5 4 4 1 
8. enteritidis 5 5 5 4 4 3 
8. gallinarum 4 4 4 4 4 0 
8. infantis 4 4 4 5 4 0 
8. montevideo 4 4 4 5 5 2 
8. thompson 5 5 5 4 4 0 
8. lexington 5 5 5 5 4 0 
8. oranienburg 5 5 5 5 3 0 
8. pullorum 5 5 5 4 4 0 
8. derby 4 4 4 5 4 2 
^Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
decreased when the antibody concentrations were lowered. 
The treatment of the slides with pre-immune serum did not 
affect staining Intensity. 
2. Direct staining 
Absorption on conjugated Salmonella antibodies was 
necessary before these serums stained Salmonellae specifi­
cally. The effect of 6 absorptions on the specificity of 
staining was determined by the experimental data in Table 7• 
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Table ?• Staining reactions of microorganisms with the 
direct method 
FA staining intensity* 
Organism Unabsorbed serum Absorbed serum 
S. anatum 5 4 
8. thompson 4 4 
S, montivideo 4- 3 
S. infantis 4 4 
S. enterit.idus 4 3 
E. coli 3 0 
E. coli 2B5 2 0 
E. coli 2B12 2 0 
E. coli 2B13 3 0 
E. coll 2B13M 5 1 
^Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
Several Salmonellae and E. coli cultures were included in 
this work. More absorptions were required to prepare 
specific serums for direct staining than when the in­
direct method was used. The slides obtained by the direct 
stain were not as bright as those obtained by the indirect 
method. Therefore, the former method of staining was not 
extensively used in these studies. 
Blocking techniques (Nairn, I962) were used to deter­
mine the specificity of FA staining reactions. The re­
actor sites on the antigens were blocked by the first 
reaction with specific unconjugated antiserums and 
prevented a reaction with the specific conjugated serum 
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(Table 8). In some of the tests, the reaction was not 
completely blocked but the degree of fluorescence was 
reduced 80 to 90 per cent of that of normal stains. 
Incomplete reaction or displacement of the unconjugated 
serums was probably responsible for the slight fluores­
cence observed. 
Table 8. Effect of blocking techniques on staining 
intensity 
Organi sm 
FA 
Blocked 
staining intensity* 
Normal direct stain 
8. anatum 2 5 
8. thompson 1 4 
8. montévideo 2 4 
8. infantis 1 4 
8. enteritidus 0 4 
Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
3. Staining effects using various commercial serums 
Salmonella antiserums from three commercial sources 
were used to stain a selection of pure serotypes and five 
known cross reacting E, coli strains. The serums were 
all absorbed prior to use and the results in Table 9 
show that the Salmonellae were stained and that all of 
the cross reactions were not eliminated. The staining 
intensities were not as bright as those of the control 
serum (CDC "0-H") and further absorptions were necessary 
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Table 9. Staining reactions with various Salmonellae 
antiserums* 
Source of Salmonellae antiserum 
Lederle Difco BBL CDC 
Organism "0" "0" "H" "0" "0-H" 
S. anaturn 4 5 5 5 5 
8. give 4 4 4 4 5 
8. thompson 4 5 4 4 4 
S. lexington 4 4 4 4 5 
8. senftenburg 3 3 3 4 5 
S. infantis 4 4 4 4 5 
8. montevideo 5 5 4 4 5 
S. oranienburg 5 4 4 4 5 
8. gallinarum 4 4 3 5 5 
8. pullorum 4 4 3 4 5 
8. saint paul 4 4 3 5 5 
8. miami 5 4 4 5 5 
E. coli 0 0 0 0 0 
E. coli 2B5 0 0 0 0 0 
E. coli 2B12 0 0 0 0 0 
E. coli 2B13 1 0 0 0 0 
E. coli 2B13M 1 1 0 1 0 
^Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
Lederle (Lederle Division, American Cyanimide); 
Difco (Difco Laboratories, Inc.); BBL (Baltimore Biologi­
cal Laboratory); CDC (Communicable Disease Center). 
to eliminate the cross d:aining reactions. Difco Goat 
Anti-rabbit (GAR) serums were used in the second staining 
step in this experiment. 
GAR serums were obtained from three commercial 
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sources and used in experiments to determine if all serums 
of this type were satisfactory to use. Table 10 summarizes 
the results of one of these experiments when the CDC "0-H" 
Salmonella antiserums were used in the initial staining 
step. The results indicate that Difco (Difco Laboratories) 
serums were best both when freshly rehydrated and after 
storage for 1 week in the rehydrated state. Serums from 
Baltimore Biological Laboratory (BBL) and Microbiological 
Associates (MBA) did not give the staining intensities 
of the Difco serums when freshly rehydrated and they 
deteriorated to a point where they were unusable after 
1 week storage in the rehydrated state. The GAR was 
stored at 2° C after rehydration. This work emphasized 
the necessity of using control tests in conjunction with 
FA detection of microorganisms to insure that all phases 
of the method react normally, 
4, Gross staining reactions 
Isolation, identification and FA staining of bacterial 
isolates from egg products was necessary to prove the 
ability of the FA method to specifically detect Salmonellae 
in egg and poultry products and on processing equipment. 
Bacteria that were capable of growing in selenite F 
cystine broth and modified tetrathionate broth were used 
to inoculate mannitol H-broth. Brilliant green agar, 
and nutrient agar were then streaked with the H=-broth 
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Table 10. Staining reactions with various GAR serums* 
Source of GAB** 
Difco BBL MBA 
Organism new stored new stored new stored 
8. anaturn 5 5 4 2 3 1 
S .  give 5 5 4 2 4 1 
8. lexington 5 5 4 2 4 0 
8. thompson 4 4 3 1 4 2 
8. senftenburg 5 4 4 2 3 1 
8. infantis 5 5 4 2 4 1 
8. montevideo 5 5 4 1 4 1 
8. oranienburg 5 5 4 2 4 1 
8. gallinarum 4 5 4 2 4 1 
8. pullorum 4 4 4 2 4 1 
S. saint Paul 5 5 •3 2 4 1 
8. miami 5 5 4 2 4 1 
E. coli 0 Q 0 0 0 0 
E. coli 2B5 0 0 0 0 0 0 
E. coli 2B12 0 0 0 0 0 0 
E. coli 2B13 0 0 0 0 0 0 
E. coli 2B13M 0 0 0 0 0 0 
^Ratings for intensity of fluorescence range from 
none (0) to very bright (5). 
**BBL = Baltimore Biological Laboratory, MBA = 
Microbiological Associates, Difco = Difco Laboratory, 
cultures for isolation of bacteria and, in addition, 
selections of other possible contaminants of these pro­
ducts were included to further prove the specificity of 
the FA staining reaction. The results of this staining 
of bacteria and the identification of the organisms 
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isolated from eggs are given in Table 11. The results 
indicate that some cross reactions were encountered when 
unabsorbed serums were used but proper absorption of the 
serums eliminated the cross staining reactions. Proper 
absorption of the serums does not reduce the intensity 
or the specificity of the staining reaction with 
Salmonellae. 
Bacteria were also isolated from poultry products 
in the same manner and identified by biochemical tests. 
The FA staining reactions were then determined (Table 12) 
using the Salmonella antiserums previously used on egg 
products. Two slight cross reactions were encountered 
in this test and to eliminate this the absorption was 
extended. The extension of the absorption procedure did 
not affect the intensity or the specificity of the stain­
ing reaction with Salmonellae. This experiment indicated 
that additional cross reactions may be encountered when 
this method is used on different food products and that 
these cross reactions can be eliminated by suitable 
absorption procedures. 
Addition of contaminating bacteria to egg albumen 
did not affect the staining specificity of the PA test 
(Table 13). When varying levels of 8. anatum, Pseudomonas 
sp., Proteus sp., and E. coli 2B13 were added to egg 
albumen and the enrichment procedure followed, the FA 
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Table IT. Cross staining reactions with bacteria 
Number Number s taining with 
of serum serum 
cultures Type of bacteria unabsorbed absorbed 
Isolated from eggs 
28 Bacillus spp. 3 0 
6 Brevibacterium spp. 6 0 
15 Lactobacillus spp. 0 0 
6 Proteus spp. 0 0 
4 Escherichia freundii 4 0 
6 Escherichia coli 1 0 
7 Aerobacter spp. 0 0 
other cultures included as controls 
9 Brevibacterium 9 0 
18 Pseudomonas spp. 0 0 
20 Salmonella spp. 20 20 
l4 Escherichia coli 14 0 
8 Xanthamonas spp. 0 0 
2 Serrâtia spp. 0 0 
4 Alcaligenes spp. 3 0 
1 Flavobacterium 0 0 
3 Bacillus spp. 1 0 
4 Micrococcus spp. 0 0 
4 Shigella spp. 0 0 
2 Arizona spp. 2 0 
7 Streptococcus spp. 0 0 
1 Staphylococcus 0 0 
3 Cornybacterium spp. 0 0 
3 Arthrobacter spp. 0 0 
2 Aeromonas spp. 0 0 
3 diptheroids 0 0 
1 Achromobacter 0 0 
7 Leuconostoc spp. 0 0 
2 Aerobacter spp. 0 0 
70 
Table 12. Cross staining reactions with bacteria 
isolated from poultry products 
Number 
of 
cultures Type of Organism 
Number of cultures 
staining with 
unabsorbed absorbed serum 
serum 4 times 6 times 
1 Brevibacterium spp. 1 1 0 
68 Proteus spp. 3 0 0 
28 Escherichia freundii 4- 1 0 
18 Aerobacter spp. 2 0 0 
1 Escherichia coli 1 0 0 
2 Salmonella spp. 2 2 2 
Tri; 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
l6 
17 
18 
19 
20 
13. PA detection of S. anaturn in the presence of contaminating bacteria 
Contaminants per g of Albumen PA staining reactions 
S. Pseudo- Proteus Unabsorbed Absorbed 
anaturn monas sp. sp. E. coll Direct Indirect Direct Indire 
0 3100 6000 87,000 + + - -
0 0 6000 0 - -
-
-
0 0 0 87,000 + + - -
0 3100 0 0 - - - -
2.7 0 0 0 + + + + 
2.7 0 6000 0 + "4" + + 
2.7 0 6000 87,000 + + + + 
2.7 3100 6000 87,000 + + + + 
2.7 3100 0 87,000 + + + + 
2.7 0 0 87,000 + + + + 
2.7 3100 0 0 + + + + 
0.27 3100 6000 0 + + + + 
0.27 0 6000 0 + + + + 
0.27 0 0 0 + + + + 
0.27 0 6000 87,000 + + + + 
0.27 3100 6000 87,000 + + + + 
0.27 3100 6000 0 + + + + 
0.27 3100 0 87,000 4' + + + 
0.27 0 0 87,000 + + + + 
0.27 3100 0 0 + + + + 
-c 
H 
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results were positive only when the Salmonellae were pre­
sent. If the serums were not properly absorbed the test 
gave false positive results when E. coli 2B13 was present. 
B. Comparison of Fluorescent Antibody 
Procedures with Conventional Methods 
1. Eggs and egg products 
Combination of cultural techniques with the FA method 
resulted in the rapid detection of Salmonellae in eggs and 
egg products. Table l4 summarizes the data obtained from 
egg samples submitted by the various egg processors. The 
results are listed according to the type of product and 
the processor. The albumen samples provided by supplier 
IX should not detract from the quality of this product as 
the samples were selected prior to completion of heat 
treatments to kill the Salmonellae. The samples listed 
from supplier VII consist of a group of unlabeled samples 
and the plant and processor were unknown. 
The range of numbers of Salmonellae in the egg pro­
ducts and the ability of the test methods to detect these 
bacteria was determined (Table 15). A total of 19I samples 
of egg solids and frosting mixes were examined for the 
presence of Salmonellae by three test methods (lAPI, I96O; 
FA and the method of Montford and Thatcher, I96I). Each 
test was repeated three times. The results are listed as 
ranges of MPN/g to determine if the sensitivity of the FA 
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Table 14. Detection of Salmonellae in dried eggs and 
and frosting mixes 
No. positive samples 
by method of 
No. of Montford & 
Supplier samples and type* FA lAPI Thatcher 
I 2 Y 0 0 0 
6 W 0 0 0 
II 1 Y 0 0 0 
8 W 1 1 1 
1 A 0 0 0 
III 1 W 0 0 0 
IV 3 Y 0 0 0 
V 4-3 Y 8 7 6 
6 W 3 3 3 
20 A 9 8 9 
VI 1 Y 0 0 0 
2 W 1 1 1 
1 A 0 0 0 
VII 3 Y 0 0 0 
4 W 0 0 0 
17 A 7 6 7 
VIII 2 Y 0 0 0 
3 W 0 0 0 
33 A 1 1 1 
IX 11 A 10 10 10 
8 Y 0 0 0 
X 6 A 0 0 0 
XI 10 F 8 8 8 
*Y = egg yolk solids, W = whole egg solids, A = 
albumen solids and P = frosting mix. 
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Table 15. The range of levels of Salmonellae In egg 
solids and egg products and its effect on 
test results 
Number of positive 
samples by methods of 
No. of IAPI method Montford & 
Type samples MPN/g (range) Thatcher PA 
Whole egg 25 <0 .03 0 0 
4 0, .03 -- 0, .10 4 4 
1 0, .1 • - 0, 
.5 1 1 
Yolk 56 <0, .03 0 1 
4 0, .03 -• 0, .10 3 4 
3 0, .10 -- 0, .50 3 3 
Albumen 4 <0, .03 2 2 
13 0, .03 -• 0, .10 13 13 
7 0, .10 -• 0, .50 7 7 
1 0. 50 -• 1. .0 1 1 
4 >1. 0 4 4 
Frosting Mix 2 <0, .03 0 0 
8 0, .03 -• 0. 10 8 8 
Summary of 147 <0, .03 2 3 
all samples 29 0, .03 -• 0. 10 28 29 
11 0, .10 -• 0. 50 11 11 
1 0. 50 -- 1, .0 1 1 
4 >1, .0 4 4 
test was affected by low numbers of Salmonellae in the 
product. The few differences noted between tests were 
attributed to variations in distribution of the Salmonellae 
within the samples. However, it was noted that the FA 
test gave a higher number of positive samples (48) than 
the method of Montford and Thatcher (46) and the lAPI 
method (45), but differences were only slight. 
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2. Dried e^g processing equipment 
Samples were obtained from surfaces of various pieces 
of equipment in egg processing plants. Most samples were 
from equipment used for breaking the eggs or for contain­
ing and conveying liquid egg. Some samples of dried product 
were also examined for the presence of Salmonellae. During 
the visits the drying equipment was in continuous opera­
tion and, therefore, the surfaces in contact with the 
product could not be sampled. 
Equipment in Plant A was heavily contaminated with 
Salmonellae as shown by the results in Table l6. A total 
of 92 samples were examined and approximately 4] per cent 
were positive for Salmonellae. In contrast, Plant B had 
only about 2 per cent of the samples positive for 
Salmonellae (Table 1?). The reason for this difference 
was probably the type of processing equipment used. 
Equipment in Plant A was old and difficult to clean and 
sanitize while the equipment in Plant B was new and 
easily cleaned and sanitized. In addition, the automatic 
breaking equipment in Plant B was cleaned and sanitized 
periodically during the day. In Plant A, the hand break­
ing knives and cups were changed when spoiled eggs were 
encountered but the conveyors and breaking stations were 
cleaned only during the lunch hour and at the end of the 
day's operation. 
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Table l6. Detection of Salmonellae in egg processing 
equipment and eggs from Plant A 
Number of samples 
positive by method of 
Number of FA Montford & 
Type of sample samples Thatcher 
Breaking knife 11 4 4 
Breaking cups 23 5 5 
Trays 6 2 2 
Breaking positions 11 6 6 
Conveyor to break­
ing line 6 3 3 
Egg washer - in 3 3 3 
- out 5 2 2 
Conveyor to washer 6 4 4 
Egg vat 2 2 2 
Egg vat - scale type 6 4 4 
Liquid egg 12 7 7 
Dried whole egg 2 0 0 
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Table 17. Detection of Salmonellae in egg processing 
equipment and eggs from Plant B 
Type of sample 
Number of 
samples 
Number of samples 
positive by method of 
Montford & 
FA Thatcher 
Automatic breakers 
albumen tray 20 
yolk tray 20 
denatured egg 
tray 22 
cups 22 
brushes ^ 6 
Egg washer - in 18 
- out 18 
Egg vats - yolk 2 
- albumen 4 
- denatured 2 
Table tops 4 
Trays 2 
Whole egg - liquid 8 
Dried whole egg 2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
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3. Poultry products and processing: equipment 
Two poultry processing plants were visited for 
collection of samples from the surfaces of turkeys and 
processing equipment for the purpose of Isolating 
Salmonellae. A total of 288 samples were obtained from 
Plant A and approximately 21 per cent contained 
Salmonellae (Table 18). The results when the PA test 
was used agreed with those from cultural confirmation. 
The method described by Galton et al. (1964) was used 
in conjunction with the FA test to provide confirmation. 
About l6 per cent of the turkey meat samples were positive 
for Salmonellae and more than 25 per cent of the equip­
ment showed these organisms. Samples from the sink, drain, 
gutter and floor did not come in contact with the turkey 
meat and, under normal conditions, could not contaminate 
the products. These samples were obtained for the purpose 
of demonstrating the presence of Salmonellae within the 
processing plant. The other pieces of equipment did come 
in contact with the food product and therefore could 
transfer the Salmonellae to the turkey meat. 
A total of 108 samples were obtained from Plant B and 
over 19 per cent contained Salmonellae (Table 19). The 
results by the FA method did not agree with those obtained 
by the confirmation test (Galton, et al., 1964) because 
S. cerro was present In the samples. The somatic antigen 
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Table 18. Detection of Salmonellae on turkey processing 
equipment and turkey meat in Plant A 
No of No. positive by method of 
Type of sample samples FA Galton 
Turkey - whole 70 8 8 
- roll 5 2 2 
- roast 31 8 8 
- cut meat 9 0 0 
- visceral 
cavity 111 
- breast 2 0 0 
- army roll 4 1 1 
Tables ^5 11 11 
Pans 31 8 8 
Cutting boards 12 5 5 
Conveyors 23 9 9 
Scales 6 2 2 
Knives 12 2 2 
Sharpeners 12 3 3 
Tanks 9 0 0 
Head remover 4 1 1 
Sink 10 0 
Floor 1 0 0 
Drain 2 11
Tie forms 4 1 1 
Pinchers 10 0 
Saw 2 1 1 
Gutter 10 0 
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Table 19. Detection of Salmonellae on turkey processing 
equipment and turkey meat in Plant B 
-
No. of samples 
positive by method of 
Type of sample 
No. of 
samples 
FA 
test 
Galton 
(1964) 
Turkey - whole 23 1 3 
- leg 12 1 1 
- breast 8 3 3 
- roast 11 2 2 
- wing 5 0 0 
- roll 2 0 0 
Tables 7 1 2 
Scale 7 1 1 
Knife 3 0 0 
Conveyor 13 2 4 
Cutting board 3 0 1 
Saw 1 0 0 
Trough 2 0 0 
Sharpener 1 1 1 
Pans 10 2 2 
(18) of S. cerro was not present in the antibody preparation 
and it was therefore necessary to use flagellar antibodies 
for detection. 
About l4 per cent of the turkey meat and 25 per cent 
of the swabs from equipment surfaces were positive for 
Salmonellae by the confirmation method. In comparison, 
11 per cent of the turkey meat and 15 per cent of the 
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equipment samples were positive by the FA test. Failure 
of S. cerro to flagellate and stain was responsible for 
these differences. Inclusion of somatic antibody l8 in 
the serum would overcome the deficiency. 
Salmonellae recovered from Plant A were: S. san 
diego, 12 S. saint paul, l6 S. anaturn, 1 S. blockley, 
1 S. cerro, 2 S. pullorum, 1 S. newport and 5 Salmonella 
not typed. The following Salmonellae were recovered 
from Plant B; 15 S. cerro, 3 S. anaturn and 3 Salmonellae 
not typed. 
8. san diego was the most common serotype from 
Plant A but in Plant 8. cerro was more common. Seven 
serotypes were recovered in Plant A^but only 2 serotypes 
from Plant B. 
Attempts to use a single step enrichment procedure 
with buffered brilliant green bile broth (Mossel ejt a2,, 
1963) were unsuccessful because of difficulties in con­
firming the positive samples. In four instances, the 
brilliant green agar plates used for isolation purposes 
were overgrown with other bacteria and isolation of the 
Salmonellae was not accomplished. (Table 20). The 
slides prepared by the FA method for examination showed 
well defined fluorescent cells in large numbers in the 
four instances which were not confirmed by isolation 
procedures. 
82 
Table 20. Single step enrichment of samples from 
turkey processing Plant A 
Number of positive 
Items Number of samples by method of 
examined samples FA Galton 
Whole bird 12 3 0 
Turkey roll 4 1 1 
Turkey roast 5 1 0 
Scale 1 0 0 
Knife 1 0 0 
Sharpener 1 0 0 
Tables 5 1 1 
Conveyors 3 2 2 
Pans 5 2 2 
Tie forms 1 1 1 
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V. DISCUSSION 
A. Specificity of Fluorescent Antibody 
1. Indirect staining 
Variation of the culture media used for growing 
Salmonellae affects the staining intensity and the 
morphology of the cells (Table 1). This indicates that 
the medium used to produce the antigens for injection 
into an animal should be the same or very similar to 
that used to produce antigen in the test system. The 
reason was not known but it was postulated that the type 
of culture medium had some effect on the morphology of 
the cell and on the antigenic structure and composition 
of the bacteria. For example, tetrathionate and selenite 
broths did not give satisfactory staining results and the 
cell morphology was altered. Standardization of micro­
biological systems was necessary to achieve reproducible 
results; Kirshbaum et al. (I962) stated the details of 
the method should be carefully controlled. These workers 
experimented on the methods of preparing uniform prepara­
tions of microbial suspensions for antibiotic assays. It 
was discovered that the best staining results were 
obtained when the selective inhibition culture step was 
followed by a nonselective enrichment. Using mannitol 
H-broth to prepare the antigen provided the best results 
84 
and the positive fluorescent antibody (FA) tests were 
readily confirmed from this medium. Buffered brilliant 
green bile broth (Mossel £t al., I963) produced antigens 
which stained equally well. However, it was exceedingly 
difficult to confirm positive PA tests from this medium, 
because the broth permitted all Enterobacteriaceae to grow 
and the few Salmonellae present in some samples were over­
grown by other bacteria. The problem of confirmation 
was the reason that buffered brilliant green bile broth 
was not used as a single step enrichment but in the future 
it might be possible that this medium could be used if 
specific serums were available for FA testing. 
The occurrence of common antigens among the members 
of the Enterobacteriaceae was reported by Edwards and 
Ewing (1962). It was probable the common antigens were 
responsible for the failure of FA methods to detect 
Salmonellae in feces when used by Thomason et al. (1959)» 
Absorption of serums with 5 cross staining strains of E. 
coli was successful in preventing the cross reactions 
encountered. Extension of this absorption procedure 
would effectively eliminate any additional cross reactions 
encountered. Ross (I965) was successful in extending the 
absorption procedure to eliminate cross staining of 
Bacillus sp. 
It was not possible to obtain suitable preparations 
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unless the animal source of the serum was known. The 
experiment summarized in Table 3 points out what happened 
when improper serum combinations were used in the FA test. 
Somatic, flagellar and "Vi" antigens can be stained 
by the FA method. The "Vi" antigen was common among sev­
eral members of the Enterobacterlaceae and would not be of 
much value in a FA test. Salmonellae containing the "Vi" 
antigen do not readily agglutinate in somatic antibodies 
but, when the FA method was used, these organisms readily 
stained with somatic and flagellar antibodies. The "Vi" 
antibody could be used specifically to identify cells-
containing this antigen. The only cross reactions possible 
with H antibody occur with strains of Arizona (Edwards 
and Ewing, I962). The staining of S. pullorum and S. 
gallinarum with H antibody, as noted in Tables 4 and 8, 
was probably caused by the serum preparation not being pure 
flagellar antibody but contaminated with somatic antibody. 
When pure flagellar serums were used, only the flagella 
stained. 
Combinations of 0 and H antibodies produced the best 
results. However, future work may find that the use of 
several somatic pooled serums, each containing some poly­
valent H antibody would make serum absorptions and purifi­
cations easier. A possible combination series would be 
one containing pooled somatic antibodies for the following 
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Salmonellae groups according to the Kauffmann-White % 
Schema; A, B and D; C^, and H; E^, Eg, E^ and Ej^; 
and F, G, I plus antibodies 1?, 18, 21, 28 and 30. Common 
agglutinin characteristics exist within each of these 
pools in the series. If there were interest in the 
other Salmonellae, another pooled serum could be pre­
pared. 
Prevention of the staining reaction by interference 
steps indicated that the Goat Anti-Rabbit (GAB) step in 
the method was specific. The pretreatment of the slide 
with rhodamine conjugated GAR resulted in a combination 
of this serum with the reactor sites on the rabbit serums 
and then, when the fluorescein isothiocyanate conjugated 
serum was applied, a significant reaction could not occur. 
In addition, the GAR alone did not stain the cells. This 
indicated further that the method was specific. 
Absorption of the antibody preparation with homolo­
gous antigen produced a serum that would not stain 
Salmonellae. The absorption removed the specific anti­
bodies and eliminated the factors necessary for the PA 
staining reaction. 
The results from these tests showed that the indirect 
method was specific for detection of Salmonellae in the 
test used. Interference reactions prevented complete 
staining of the antigen as did absorption of the serums 
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with the homologous antigen. The absorption of serums 
with heterologous antigen did not interfere with the 
staining reaction and the conjugated GAR without the 
appropriate antiserums present did not stain. This 
method, when used with appropriate controls and specific 
serums, will detect Salmonellae in the presence of con­
taminating bacteria. 
FA cross reactions were expected in this work and 
have previously been noted by several workers (Thomason 
et al., 1957j 1959; Winter and Moody, 1957; Nairn, 1962; 
Paton, 196^). These workers used absorption procedures 
to successfully eliminate such reactions. Moody et al. 
(1958) observed that it was possible to selectively 
remove the factors responsible for cross reactions by 
absorption of serums without affecting the staining 
reactions with the homologous organisms. 
2. Direct staining 
It was noted that the conjugated serums were difficult 
to purify to the point where cross reactions were elimi­
nated. The reason for this occurrence was not known. 
It was possible that traces of free dye remained in the 
conjugate or that the chemical bonds between the protein 
and the dye were broken during storage. The cross 
reactions could be eliminated by extensive selective 
absorptions but reductions in staining intensity were 
88 
noted when the serums were used to stain Salmonellae (Table 
6). 
When smears of Salmonellae were fixed on a clean 
glass slide and then pretreated with an unconjugated 
specific serum, the reaction with a specific conjugated 
serum was inhibited. Complete inhibition was not ex­
pected but a significant reduction in staining intensity 
did occur. According to Moody £t a2. (1958), Nairn (I962) 
and Paton (1964), reduction in intensity was the type of 
reaction usually encountered, showing that the reaction 
was specific. Conversely, when the slides were pretreated 
with pre-immune serums, no reduction in staining intensi­
ties were observed, again indicating that the reaction 
was specific. 
3. Staining effects using various commercial serums 
One limitation to this method of detection of 
Salmonellae was the unavailability of commercial serums 
that could be easily used. Trials with some of the 
serums available (Table 8) showed that it was difficult 
to eliminate all of the cross staining encountered. Also, 
the staining intensities of the Salmonellae were not as 
great as those of the control serum. This problem has 
been encountered in work by Moody ^  a2. (1958) and 
should be only a temporary drawback to the method. Re­
duced staining intensities could be eliminated by either 
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Increasing the titer of the serums or by extending the 
staining times. 
The use of a commercially available conjugated GAR 
serum was recommended to eliminate the need for preparing 
conjugated serums. However, it was noted that not all 
serums were satisfactory in these experiments. When 
three commercially available preparations were compared 
(Table 9) it was found that only one of these gave ade­
quate results initially and upon subsequent storage. The 
reason for the instability of two of the preparations 
was unknown but apparently some fraction or fractions of 
the globulin conjugate were destroyed during the storage 
period. Adequate controls must be included in a testing 
program to insure that problems relating to stability of 
serums are recognized and corrected, 
4. Cross staining reactions 
Microorganisms isolated from processing equipment or 
from egg and poultry products were limited to those cap­
able of growth when selective cultural techniques were 
used. To determine if any other bacteria would cross 
stain with the specific serums used in the FA test, 
selections of organisms were included in the experiments 
on cross reactions. Part of the organisms selected were 
obtained from eggs and poultry products by other workers 
and maintained as stock cultures in the Dairy and Food 
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Industry Department, Iowa State University. Other cultures 
were obtained from the Department of Bacteriology, Iowa 
State University, and from the National Animal Disease 
Laboratory of the United States Department of Agriculture, 
Ames, Iowa. 
Some cross staining reactions were encountered but 
absorptions with five strains of E. coli eliminated these 
reactions. Cross agglutination reactions between Brevi-
bacterium spp. and Salmonella polyvalent antiserums were 
reported by Silliker et al. (1964). Therefore, it was 
not surprising that cross staining was encountered with 
this genus. Ross (I965) observed that Bacillus spp. cross 
reacted in FA tests on chicken feces. The antigenic 
similarities between members of the family Enterobac-
teriaceae were extensively discussed by Edwards and Ewing 
(1962) who indicated the numerous cross agglutination 
reactions that can occur between other members of this 
group and Salmonellae antibodies. 
When S. anaturn and some other possible contaminants 
of egg products were added in varying levels to dried egg 
albumen and the sample then examined by the combined 
cultural and FA test, it was possible to detect Salmonellae. 
Results in Table 12 show that even when levels of S. 
anatum were low and numbers of contaminants very high the 
test was still specific. Thomason et, (1959) stated 
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that FA detection of Salmonellae in feces was impaired 
because of non-specific staining but these workers did not 
absorb serums or combine cultural enrichment with FA to 
eliminate cross reactions. However, Cherry ^  (i960) 
said that with suitable absorption procedures the detec­
tion of Salmonellae in specific tests would be possible. 
Their conclusion was supported by the present work which 
demonstrated that the serums were specific after serum 
absorptions and cultural methods were used. 
B. Comparison of Fluorescent Antibody 
Procedures with Conventional Methods 
1. Eggs and egg products 
The combination of cultural techniques with the FA 
method resulted in detection of Salmonellae in eggs and 
egg products within 24 hrs. The data summarized in Tables 
13 and l4 indicate that this test method gives results 
comparable to the two conventional tests used in the 
study. The IAPI (I960) method is routinely used in the 
United States and the method of Montford and Thatcher 
(1961) is used in Canada for detection of Salmonellae in 
eggs and other food products. Some differences were noted 
among tests but this was attributed to variation in the 
distribution of Salmonellae within the samples. These 
differences were only slight and occurred on samples 
having a low content of Salmonellae. 
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2. Dried egg processing equipment 
Samples obtained from surfaces of processing equip­
ment from Plant A (Table 15) indicated the presence of 
Salmonellae in approximately 4-3 per cent of the samples. 
This was a much higher incidence than that found in Plant 
B (Table l6). Reasons for the difference probably were 
the method of cleaning and sanitizing during the working 
day and differences in processing equipment. Plant B 
had an automatic breaking operations with mostly new 
equipment which was easy to clean. In addition, cleaning 
of the egg breaking equipment was carried out throughout 
the operating day by periodically shutting down the breakers 
and completely cleaning and sanitizing the equipment. 
The use of cultural techniques in combination with 
FA enabled completion of the test results within a 24 hour 
period. This procedure would be valuable in screening 
large numbers of samples within a processing plant in a 
short time but would not enable a count to be assigned 
to the organisms. Without quantitation, the value of the 
test would be impaired to some extent as the main source 
of contamination could not be located. The method would, 
however, point out the areas that should be tested by 
cultural means. 
3. Poultry products and processing equipment 
Two poultry processing plants were visited for the 
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purpose of collecting samples for examination for the 
presence of Salmonellae. The enrichment procedures were 
combined with FA to provide a rapid method for detection 
of these organisms. The results obtained by the combined 
cultural and FA method compared favorably with those by 
the method of Galton £t aJ. (1964). Adaption of FA to 
detect Salmonellae in poultry products and processing 
equipment was possible. 
In Plant A, about l6 per cent of the turkey meat 
samples showed the presence of Salmonellae and more than 
25 per cent of the samples from the processing equipment 
were positive for these organisms. In Plant B, the FA 
method did not detect all of the positive Salmonellae 
samples because the serums did not contain antibodies 
for somatic antigen 18. 8. cerro was the most common 
serotype in the samples from this plant and antigen 18 
was the only somatic antigen present. When flagellation 
was good the serums would stain the flagella. Over l4 
per cent of the turkey meat and 25 per cent of the equip­
ment samples contained Salmonellae when tested by the 
method of Galton et (1964). The FA method showed that 
11 per cent of the turkey meat and 15 per cent of the 
equipment samples were positive for Salmonellae. Inclu­
sion of somatic antibody I8 would correct the deficiency. 
The use of buffered brilliant green bile broth as a 
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single step enrichment procedure was not satisfactory "be­
cause of difficulties in confirming the positive PA slides. 
The data in Table 19 show that confirmations were not 
obtained in four instances because the brilliant green 
agar plates were overgrown with other bacteria. However, 
the FA slides prepared from the cultures grown in buffered 
brilliant green bile broth were satisfactory and there 
was no distortion of morphology as noted when tetrathion-
ate and selenite broths were employed. Since the proofs 
of specificity were satisfied, it was probable that the 
FA technique was correct. 
C. Suggested Procedure for Detection of 
Salmonellae in Egg and Poultry Products and in 
Processing Plants 
Samples of the food product or swabs from processing 
equipment were incubated in mannitol tetrathionate broth 
and selenite F cystine broth for 8 hours at 37° C. Then 
three 0.1 ml portions of each culture were transferred to 
3 tubes of mannitol H-broth and incubated for 8 to l6 hours 
at 37° C after which smears of each culture were air dried 
on clean glass slides. The smears were then fixed in a 
mixture of absolute ethanol, choloroform and formalin 
(60:30:10) for 1 to 3 minutes at room temperature. The 
fixative was removed by washing with 95 per cent ethanol. 
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The slides were rinsed in phosphate buffered saline (pH 
7.2), placed in a moist chamber and the smears allowed to 
react with the specific Salmonellae antiserum for 15 to 
30 minutes at 37° C. After being washed in the phosphate 
buffered saline for 10 minutes, the slides were replaced 
in the moist chamber and stained with the conjugated GAR 
for 15 to 30 minutes at 39° C. The slides received another 
washing treatment in the phosphate buffered saline for 
39 to 6o minutes to remove all unreacted serum, and were 
mounted with pH 7.0 phosphate buffered glycerol (1:9). 
A glass cover slip was placed over the smear and the 
slides were viewed with a suitable microscope. This test 
method provided results within 24 hours. 
The method has been shown to be specific for detec­
tion of Salmonellae in the presence of contaminating 
bacteria in egg and poultry products and on processing 
equipment. An advantage of the test was that it provided 
results 2 to 3 days earlier than could be obtained using 
conventional methods. 
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VI. CONCLUSIONS 
The following conclusions are made in regard to the 
combination of cultural methods with fluorescent antibody 
to detect Salmonellae in egg and poultry products and in 
processing equipment. 
1. Absorption of serums is necessary before they 
are specific for detection of Salmonellae. 
Brevibacterium spp., Bacillus spp., Escherichia 
spp., Aerobacter spp., Arizona spp. and Alcali-
genes spp. are responsible for the cross stain­
ing reactions encountered in this work. 
2. The fluorescent antibody test satisfied all 
proofs for specificity and, therefore, is speci­
fic for Salmonellae. Pure cultures are not neces­
sary for detection of Salmonellae in artificially 
or in naturally contaminated egg, poultry pro­
ducts, or processing equipment. The indirect 
staining method produces brighter stains than 
those obtained by the direct method. 
3. The fluorescent antibody test compares favorably 
with conventional methods in detecting Salmonel­
lae in egg and poultry products and in process­
ing equipment. 
4. The combination of cultural procedures with 
fluorescent antibody enables detection of 
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Salmonellae with 24 hours, a saving of 2 to 3 
days over conventional methods. The use of a 
test of this type enables a person to rapidly 
examine large numbers of samples for the pre­
sence of Salmonellae and will help to eliminate 
food products contaminated with this organism 
from commercial distribution. 
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VII. SUMMARY 
Reported cases of salmonellosis in the United States 
have increased rapidly in the past three years. Elimina­
tion of food products contaminated by Salmonellae in dis­
tribution channels will help to control one of the sources 
of these bacteria. The conventional methods of detecting 
the presence of Salmonellae in food products are tedious 
and time consuming. This investigation was undertaken 
to study the ability of combining cultural techniques 
with fluorescent antibody (FA) methods to rapidly and 
specifically detect Salmonellae in egg and poultry pro­
ducts and in processing equipment. 
Egg samples or swabs from the surfaces of equipment 
and poultry products were incubated in modified tetra-
thionate broth and selenite broth for 8 hours at 37° C 
to selectively inhibit microorganisms. Three 0.1 ml 
portions of each culture were then transferred to mannitol 
H-broth and incubated for 8 to l6 hours at 37^ C. Slides 
were then prepared from the mannitol H-broth cultures and 
stained by the indirect FA method. 
The antiserums for Salmonellae were absorbed with 5 
cross staining E. coli strains to eliminate non-specific 
staining. Cultures of many species of bacteria isolated 
from egg and poultry products and stock cultures were 
stained with FA to determine if cross reactions occurred. 
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The specificity of FA methods for detection of 
Salmonellae was demonstrated by; 1) absorption with 
homologous antigen, 2) absorption with heterologous 
antigen, 3) blocking and interference techniques, 4) 
staining of possible contaminating bacteria with absorbed 
and unabsorbed serims, 5) dilution of antibody, 6) use of 
pre-immune serum, and 7) contaminating egg albumen with 
Pseudomonadaceae and Enterobactericeae to determine if 
interference with detection of Salmonellae occurred. The 
PA method satisfied all the requirements of specificity 
and it was demonstrated that pure cultures were not neces­
sary for detection of Salmonellae in egg and poultry 
products and on processing equipment. 
Although the indirect method was longer and required 
more steps than the direct method the former was prefer­
red because of the greater staining Intensity it produced. 
The direct test was specific but the elimination of cross 
staining reactions was more difficult. Commercially 
available serums were used in the indirect PA method and 
eliminated preparation of conjugated antibodies. 
Samples of egg products were obtained from commercial 
egg drying companies in the United States and were repre­
sentative of products being produced and sold commerci­
ally. Two egg drying and two poultry processing plants, 
all of which were under federal Inspection, were visited 
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and samples of equipment surfaces and products were col­
lected for laboratory examination. 
Combination of cultural and FA methods detected 
Salmonellae in dried egg products and in processing 
equipment within 24 hours. The results obtained by this 
procedure were in agreement with those proposed by the 
lAPI (i960) and by the Montford and Thatcher (I961) 
methods. These findings indicate that the FA method can 
be used to rapidly and specifically detect Salmonellae 
in dried egg products and in processing equipment. Sam­
ples from various plants and processors had different 
levels of contamination by Salmonellae. 
Examination of products and equipment from two turkey 
processing plants indicated that the FA method detected 
the presence of Salmonellae. However, when S. cerro was 
present in the samples the test did not always agree with 
the results obtained by the biochemical and serological 
procedures used in conventional methods. The somatic 
antibody necessary to stain the cells of S. cerro was not 
present in the serum and detection was dependent on stain­
ing of flagella. Inclusion of the necessary antibody to 
stain S. cerro would eliminate this problem. 
The use of a single step enrichment procedure was 
not possible because of difficulties in confirming the 
results obtained by the FA method. When brilliant green 
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agar plates were streaked with cultures grown in buffered 
brilliant green bile broth, the plates were overgrown 
with other bacteria which made isolation of Salmonellae 
difficult and, in some instances, the PA method results 
were not confirmed. However, since the proofs of specifi­
city for the FA test were satisfied, the results obtained 
were probably correct, 
A test which combined the advantages of cultural 
enrichment and PA methods was suggested for rapid and 
specific detection of Salmonellae in egg and poultry 
products- and in processing equipment. The use of this 
procedure enabled the detection of Salmonellae in these 
products within 24 hours, a saving of 2 to 3 days over 
conventional methods. The unavailability of suitable 
commercial Salmonellae antiserums for use in this test 
was a limitation of the method which must still be 
overcome. 
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